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ERRATA 

On page 73, Vol. 78, No. 1, May, 1943, line 2, the 
word “is” should be inserted after the word “dose.” 

On p. 77, Vol. 78, No. 1, May, 1943, line 10, the word 
“statistics” should be changed to “statistic 8.” The 
letter s is in this case a statistical symbol and should be 
italicized. 




EFFECT ON THE ELECTRICAL ACTIVITY OF THE CORTEX OF 
CERTAIN DEPRESSANT AND STIMULANT DRUGS— BARBITU- 
RATES, MORPHINE, CAFFEINE, BENZEDRINE AND ADRENALIN 1 

FREDERIC A. GIBBS and GEORGE L. MALTBY 
From the Nevrolog\cal Unit of the Boston City Hospital and the Department of Neurology of 
Harvard Medteal School, Boston, Mass. 

Received for publication August 13, 19-12 

In 1890, Fleischl von Marxow (1) reported that the electrical activity of the 
cortex can be modified by chloroform. No great interest tvas aroused, however, 
in this or any other aspect of the electrical activity of the cortex until Hans 
Berger published his classical studies on the human electroencephalogram. The 
first of these appeared in 1929 (2). A few years later, many other investigators 
entered this new field, and by 1940, electroencephalography was an established 
clinical and experimental technique with a bibliography of over 300 titles (3). 

The most important facts that have been discovered about the electrical activ- 
ity of the cortex are the following: The cortex produces fluctuations in electrical 
potential which can be led off the brain directly or recorded through the unopened 
skull. These originate in nerve cells of the cortex and not in the blood vessels or 
glia. Records of cortical activity usually show a strong ten-per-second rhythm 
with an admixture of many other frequencies. During infancy the dominant 
activity is slower than ten-per-second; it increases rapidly during the first year, 
less so thereafter, and attains a nearly adult frequency by the twelfth year. 
During attention the electrical activity of the cortex becomes faster and during 
sleep it becomes slower. In various disrurbanccs of brain function, notably in 
epilepsy, the electroencephalogram is greatly modified, not only during an attack 
but usually also between attacks; it can be used, therefore, as an aid to diagnosis. 
It can be used also to localize cortical lesions, for injured nerve cells tend to beat 
more slowly (or occasionally more rapidly) than normal. The original reports 
of these findings can be obtained by reference to lengthy bibliographies pub- 
lished elsewhere (3, 4). 

Numerous workers who have studied the effect of drugs on the electrical activ- 
ity of the cortex (3) agree that most drugs which alter consciousness or produce 
involuntary movements modify the electroencephalogram. There is no unan- 
imity, however, as to the exact character of the changes that occur, and this is in 
large part due to the fact that minor but significant alterations are impossible to 
detect in the unanalyzed record and major changes are often so complex that they 
defy interpretation or even description The present study was undertaken in 
the hope that the employment of a precise method of analyzing the electroen- 
cephalogram would obviate these difficulties. 

1 This research was aided by grants from the John and Mary R Marhle Foundation and 
from the Rockefeller Foundation Preparation of records for spectrum analysis was 
earned out as part of W.P A Project No 22203. 
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Material and method. Six men were used as subjects. They were selected because 
they had normal electroencephalograms and no history of brain disease. In order to Btudy 
the differential action of various drugs, it would be desirable to test each subject on the 
entire series of drugs under investigation. This could not be done in the present study 
but whenever possible several drugs were used on the same subject. The drugs and dosages 
used on each subject are shown in table I. 

The electroencephalogram was recorded as a shadowgram on film, using a monopolar, 
right occipital lead with the indifferent electrode on the two ear-lobes. The Grass method 
of frequency analysis (5) was employed. This permits the electroencephalogram to be 
analyzed into a spectrum, i.e., a plot of the root mean square voltage at each frequency 
from one to 50 cycles per second. By means of spectrum comparisons it is possible to 
compare tw'o or more samples of electroencephalogram in minute detail. In order to 
obtain a spectrum a piece of shadowgram 30 seconds long is cut out at any desired place. 
The tw'O ends are spliced together so that an endless belt is formed, and this is rotated 
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between a light and a photoelectric cell at a constant speed. The voltage from the photo- 
electric cell is led through a continuously variable filter circuit, the output of which is 
recorded on coordinate paper. On one coordinate frequency is registered, and on the other 
the average amplitude of root mean square voltage at a given frequency. 

Amplitude and voltage in electroencephalography are usually measured as peak-to-pcak 
amplitude or voltage, which is not the equivalent of root mean square voltage as measured 
with the Grass frequency analyzer. For example, if the number of waves of a given dura 
tion decreases, the alternating current voltage at the corresponding frequency may decrease 
even though the pcak-to-peak voltage of the single waves or bursts of waves may increase. 
It is true also that all of the alternating current voltage registered at some particular 
frequency may develop from harmonics of lower frequency' waves. Therefore, even though 
the spectrum shows a relatively high voltage at a given frequency, it might be impossible to 
detect in the unanalyzed electroencephalogram any waves of that frequency. To avoid 
confusion, the term component voltage will be used to refer to the height of the curve obtained 
with the Grass analyzer at a given frequency. Voltage level will be used to refer to the 
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area of the curve, i e , the sum of the component voltages in a given range Total toltagc 
level will be used to mean the Bum of nil lomponcnt voltages (total area) between one and 
50 per second, the range covered by the present instrument * 

It might be supposed that differences between spectra could be described adequately 
in terms of an increase or decrease in component voltage at a specific frequency However, 
experience indicates that when the component voltage at one frequency decreases the 
component \ oltage at some other frequency tends to increase This would not be confusing 
if at certain fixed frequencies there was a reciprocal relationship m component voltage, 
but the frequencies which exhibit such a reciprocal relationship vary from case to case and 
from time to time in the same case These difficulties suggest that changes in component 
voltage are indeterminate and incomprehensible but this is not so for, as will be shown, if 
regarded in terms of change m frequency, they appear to have definite characteristics 

Among the most striking characteristics of cortical spectra nre the maxima or peaks of 
component voltage that appear at certain frequencies In many cases differences between 
spectra arc moat easily described by sajing that a peak has moved, l e , the summit and 
elope of the peak arc displaced to the fast or the slow side of the spectrum and the entire 
peak appears to have assumed a new position on the frequency scale When one peak is 
displaced all peaks tend to be displaced m the same direction, the spectrum is then said 
to have shifted In Borne cases with complex spectra shifts are difficult to detect and 
quantify Even if the Bpectrum has simple and well defined peaks, it may be difficult or 
impossible to determine the direction and extent of the shift, when it is abruptly and 
radically modified 

The measurement of shifts is carried out as follows A spectrum is placed upon a trans 
illuminator and a succeeding spectrum is placed under it The attempt is made to obtain 
maximal euperunposition of the two curves by a displacement on the frequency scale 
The amount of shift is recorded in terms of the degree of displacement necessary to make 
the second curve coincide as nearly as possible w ith the first For example, if the spectrum 
obtained one minute after the intravenous administration of phenobarbital can be made to 
coincide optimally w ith the previous spectrum by shifting it one half cycle to the slow side, 
then the spectrum is said to have shifted one half cj cle to the slow side In order to reduce 
errors due to subjective factors, measurements were made by three independent observers 
without knowledge of the conditions under which the spectra were obtained A shift was 
Baid to have occurred only when all three observers agreed on its direction The magnitude 
of the shift was taken as the average of the values reported by the three observers 

Results A Depressants Sodixtm phenobarbital caused at first a slight 
decline in the total voltage level (fig 1) and a Bhift of the highest peak in the 7-to- 
12 per second range to the slow side In a subject who had at the outset no peak 
m the 7-to 12 per second range, there was evidence of an increase in voltage level 
at the slow end and a decrease at the fast end of this range As the effect of the 
drug progressed, or with increased doses, the 7 to 12 per second peak shifted 
further and further to the slow side of the spectrum and the total Voltage level 
increased This increase was proportionately greatest in the 14 to 30 per- 
second range and there was an accompanying shift of the highest peak in this 

* In describing a new phenomenon it is sometimes necessary to devise new terms or to 
employ old terms in a new sense Either course is hazardous new terms are likely to 
sound like jargon and old oneB have specific meanings that are difficult to modify Much 
help has been given by Mr Albert M Grass of the Harvard Medical School and Professor 
E A Guilleimn of the Massachusetts Institute of Technology in selecting the present 
terminology It is hoped that the terms which have been chosen will be more or less self 
explanatory and will not be confused with expressions that have acquired rigorous scientific 
meaning 
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Figs. 1 to 7. Changes in Si-eotra from the Right OoririTAi. Area PnoncrEn by Various 

Drugs 

Frequency is shown in cycles per second, component voltage in arbitrary units. In 
cacb figure, the black curve" precedes the blue. The part of each curve between 0 and £ 
per second is not accurate but is included because it provides some useful information. 
The part of the curve between 40 and 60 cycles per second adds nothing significant to the 
data; it is omitted here in order to save space. 






Fzcs 4 to 7 


Penfothal produced the same general changes as sodium phcnobarbital except 
that in the initial stages there w as a great increase in \ oltage lev cl in the 14 to 30 
per second range (fig 2) With fuither progress in the effect of the drug, or with 
increased dosage, the broad peak centering on approximateh 20 per second 
moved to the slow side so that it centered at appioximatc)} 18 per second Con 
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currently, tlie dominant peak in the 7-to-12-per-second range also shifted to the 
slow side and a new high peak developed in the G-pcr-sccond region. At a later 
stage, or with still higher doses, a peak appeared in the 13-per-second position 
and moved to 12 per second as the component voltage at 18 per second declined. 
Accompanying these changes there was a continuing increase in the voltage level 
at frequencies below 6 per second. Small doses produced a moderate increase in 
the total voltage level and large doses produced a great increase. 

Morphine sulphate caused changes in frequency which resemble those thatoc- 
curred with phenobarbital and pentothal. At first there was an increase in the 
voltage level in the 20-per-second region. This gave rise to a peak which dimin- 
ished in height as it moved into a slower and slower position (fig. 3). These 
initial changes in the frequencies above 12 per second were unaccompanied by 
any change in the lower frequencies. Later, however, as the peak in the 20-per- 
second region disappeared, a shift to the slow side occurred in the 10 -per-second 
region with an accompanying reduction in the total voltage level. 

B. Stimulants. Caffeine sodium benzoate produced a shift to the fast side 
(fig. 4) with a reduction in the total voltage level. In one case a peak which 
centered at 10.5 shifted to 11.5, in another a peak centering at 11 per second 
shifted to 12 per second. In both cases there was some increase in the voltage 
level in the 14-to-30-per-second range. Consideration of peak positions, how- 
ever, indicates that this increase was associated with a shift to the fast side. In 
the case illustrated in fig. 4 a peak which at the start centered on 20J per second 
shifted to the fast side until it centered on 22 per second. 

Benzedrine produced a shift to the fast side of the spectrum with a slight in- 
case in the total voltage level (fig. 5). An increase in the voltage level in the 
I-to-7-per-second range was interpreted as resulting from a shift to the fast side 
of peaks which were “off scale”, i.e., below 1 per second. The major peak in the 
7-to-12-per-second range shifted 5 to 1 cycle to the fast side (in one case from 
10§ to 11, in the other from 9 to 10 per second). In both cases there was an in- 
crease in the voltage level in the 14-to-30-per-second range with a movement of 
peaks in this range to the fast side. 

Adrenalin produced changes in frequency similar to those produced by caffeine 
and benzedrine but more extreme. In one case the center of the dominant peak 
in the 7-to-12-per-second range was shifted from 10.5 to 12 per second (fig. 6 ). 
There was a general increase in voltage level but this was most evident in the 
14-to-30-per-second range. The peak which at the start centered at 18 per sec- 
ond shifted its center to 20 per second. 

In order to contrast the changes produced by stimulants with changes pro- 
duced by attention, the effect of opening the eyes in the light is shown in fig. 7. 
The changes in frequency and voltage level occurring in figs. 1 to 7 are summar- 
ized in fig. 8 , and for purposes of comparison, an example is shown of the changes 
that occurred in one subject during normal sleep. 

Discussion. Although the cortical frequency spectrum is a simplified repre- 
sentation of the electroencephalogram, it still shows the electrical activity of the 
cortex as a complex phenomenon. Many things can be seen, however, in a series 
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of spectra that arc invisible or only dimly apparent in the unanalyzed electroen- 
cephalogram . By choosing for study cases with clearly-defined peaks in certain 
regions, it is possible to observe and demonstrate shifts in frequency. In some 
cases with complex spectra the changes are not sufficiently clear to be compre- 
hended by an inexperienced observer but any two experienced observers would 
agree on the character and direction of the change In some cases where there 


PHCNO6ARS1TAL. PCNTOTHAV. MORPHINE NORMAL SLEEP 



the increasing effect of the drug or, in the case of sleep, 

1 on each curve is shown the value for the preceding c 

frequency shift, heavy broken line, total voltage level, light broken line, voltage level 
between 1 and 10 per second, dotted line, frequency level between 10$ and 60 per second 


are no peaks or where the spectrum is abruptly and radically modified, it is im- 
possible even for the most experienced observer to decide what has happened. 

All three of the depressants that were studied produced a shift in frequency to 
the slow side. The increase in voltage level in the 20-per-second range was 
believed to be similar to the change that occurs m a light stage of normal sleep 
when 14-per-second activity becomes prominent, and it was interpreted as a 
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piling up of voltage in this intermediate range as a result of slowing in still faster 
frequencies. 

Pentothal was the only drug in the series that produced unconsciousness. The 
associated shift in frequency of four cycles per second to the slow side is compar- 
able to that which occurs in deep normal sleep. A shift of one cycle per second, 
such as was produced by phenobarbital and morphine, can occur “spontaneously" 

CAFFEINE BENZEDRINE ADRENALIN ATTENTION 



ll ll ll ll 

1231231831 2 

SPECTRUM NUMBER 

Fig. 9. Constant Shift in Frequency and Variable Shift in Voltage Level Produced 

by Stimulants 

Ordinates and abscissas, and designation of curves as in fig. 8. In the set of curves 
marked attention, the first values are those for eyes closed and the second those for eyes 
open while reading. 

in normal subjects without clinical signs of altered central nervous function 

(6, 7). 

All three stimulants produced a shift to the fast side; adrenalin was most 
effective, benzedrine less so, and caffeine least, but none were more effective than 
attention. The shift to the fast side that occurs with attention is possibly the 
maximum that can occur without gross disturbance of central nervous function. 
Observations on epileptics indicate that a shift of more than one cycle per second 
to the fast side is likely to be associated with convulsions (8). 

It might be assumed that these depressants and stimulants effect the cortex 
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indirectly, the former by causing drowsiness and the latter by increasing atten- 
tion. The neurophysiology of sleep and attention are so little understood, how- 
ever, that such an assumption does not lead to a simple explanation. 

A relationship was evident between the degree of shift and the concentration 
of the drug, but no general relationship could be made out between changes in 
voltage level and drug concentration. It might be assumed that the lack of 
relationship between voltage level and drug concentration was the result of the 
selection of arbitrary frequency ranges and that if the voltage level in wider or 
perhaps narrower frequency bands had been considered, a direct and simple 
relationship might have been demonstrated. Much experimentation with the 
data, however, has failed to reveal any specific frequency bands which give better 
relationship than those shown in fig. 8. 

Shifts in frequency to the slow side are usually associated with an increase in 
total voltage level, and shifts toward the fast with a decrease, but there is no 
fixed relationship between frequency and voltage level. This is in part explained 
by the fact that at certain “resonant” frequencies the component voltage is 
maximal and a frequency shift in either direction will be associated with a de- 
crease in voltage. Despite its apparent inconsistency, voltage level is an impor- 
tant -variable which reveals significant differences between drugs of the same class. 
These differences center around differences in total voltage level and also around 
differences in component voltage in specific frequency bands, i.e , one drug has a 
major effect on one range of frequencies and another on another. Furthermore, 
with various drugs there are differences between the order in which a given 
sequence of changes occur. It is possible that if a larger number of drugs were 
studied some of these differences could be correlated with differences in the 
chemical structure of the drugs or w ith differences in the effect of the drugs on 
intellectual, sensory and motor functions. This much can be said from the pres- 
ent data — the substance that caused the most extreme shift to the slow side 
(pentothal), caused the most definite impairment of consciousness. The sub- 
stance that produced the most extreme shift to the fast side (adrenalin) produced 
the most evident symptoms of excitement. The depressant that produced the 
most evident increase in activity in the 14-to«30-per-second range (pentothal) 
produced the most involuntary muscle movement. 

SUMMARY AND CONCLUSIONS 

The effects on the electrical activity of the cortex of phenobarbital, pentothal, 
morphine, caffeine, benzedrine and adrenalin have been investigated. Six 
subjects without brain disease were used. In order to study the effect of differ- 
ent drugs on the same individual all subjects were tested with several drugs. 
The Grass method of frequency analysis was employed to transform into a spec- 
trum the electroencephalogram from the nght occipital area, recorded with an 
indifferent electrode on the lobes of both ears Senes of spectra w ere compared 
in order to detect the changes that resulted from the administration of each drug. 
As a result of these compansons, the following observations were made: 

1) Phenobarbital, pentothal, and morphine caused a shift in frequency to 
the slow side comparable to that occurnng m sleep 
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2) Caffeine, benzedrine, and adrenalin caused a shift in frequency to the fast 
side comparable to that occurring •with attention. 

3) Pentothai caused a great increase in the voltage level in the 14-to-30~per- 
second range during the initial stages of its action; morphine produced less of an 
increase, and phenobarbital, least. 

4) Of the drugs studied, the one (pentothai) which produced the greatest 
clinical evidence of depression, caused the greatest shift to the slow side, and 
the one (adrenalin) which produced the greatest evidence of stimulation, caused 
the greatest shift to the fast side. 

5) The direction of the change in frequency was constant for a given class 
of drugs but the direction of the change in voltage level varied with dosage and 
differed for drugs of the same class. 
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It is well established that COj exerts a naicotic action on certain functions 
of the central nervous sy stem when this gas is inhaled in moderately high concen 
trations (1, 2, 3, 4) Tins effect may be due to the increase in hydrogen ion 
concentration resulting from the uncompensated respiratory acidosis and the 
condition is somewhat analogous to the cerebral depression and coma which 
commonly occur coincidentally w ith an accumulation of acid metabolites The 
available evidence indicates that this narcotic action is associated with, and 
probably results from, a reduction in cellular oxidations, a concept which would 
receive theoretical support from the known inhibition of many oxidative enzymes 
with increase in hy drogen ion concentration Since the literature regarding the 
narcotic action of COj is scanty and the conclusions \ ague, the problem is deemed 
worthy of further investigation 

Methods In most experiments the albino rat served os the experimental animal al 
though a fen rabbits and dogs were used The acute and chronic toxicity w as determined 
by placing animals in a closed circuit system of 1100 liters capacity consisting of a 600 liter 
animal chamber, a 100 liter spirometer and two tanks of 200 liters each The atmosphere 
in this system was circulated by a small blower, the concentration of Oj was maintained at 
approximately 21% In chronic experiments the concentrations of CO* and O* varied from 
the stated levels as much as 2 to 3% during any 24 hour period 

The oxygen consumption of the rat was determined in an airtight 6 liter glass chamber 
suspended in a water bath maintained at 28°C The brass cover contained, in addition to 
openings for a thermometer, a mercury manometer and a sampling outlet two large stop 
cocks through which gas mixtures from the large system could be circulated continuously 
Access to a small wire animal cage suspended from the cover w as obtained through a 3 inch 
opening with an airtight rubber seal Gas entering the small chamber from the large system 
was saturated with water vapor at 2S°G as it passed through a large brass coil and 
shower type humifider, both of which were suspended in the bath Circulation within 
this chamber when it was isolated from the large circuit, was obtained with a small electric 
fan placed entirely within the chamber In making the determination the rat, fasted 18 
hours w as placed in the chamber one hour before the run The gas mixture containing the 
desired amount of CO* and O* was then circulated through the small chamber until a uni 
form atmosphere was attained (1 5 minutes) a gas sample w as taken , and the ports closed 
One half hour later another gas sample was taken, the ports opened and the gas from the 
large system allowed to circulate for at least 15 minutes before the process was repeated 


1 Supported by the W isconsin Alumni Research Foundation 

Preliminary reports of this work were made at the meetings of the American Physiological 
Society in Chicago Apnl 1941 and the American Society for Pharmacology and Expen 
mental Therapeutics m Boston, April 1942 

* Present address University of Michigan Medical School 
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Both the gas samples were analyzed in the Van Slyke manometric apparatus, and cal- 
culations were made of the quantities (S.T.P.) of CO* produced and Os consumed. 

The effect of exposure to 11% CO* on the acid-base balance of the blood was determined 
on arterial blood samples collected from rats anesthetized with 45 mgm. per kgm. of sodium 
pentobarbital. One hour after injection of the drug, and after exposure to the desired 
atmosphere for the stated intervals, the blood samples were obtained by aortic puncture 
after laparotomy. The animals remained in the same atmosphere during the sampling 
procedure. The blood samples were analyzed by the micro method of Shock and Hastings 
(5) and the pH corrected for rats’ blood at 3S°C. Control determinations in room air were 
made by the same general procedures. 

The rate of disappearance of bromsulfalein from the blood of rabbits was used as a 
criterion of the effect on liver function of acute and chronic exposure to CO-. The method 
used was the modification reported by Tatum, Nelson and ICozelka (6). In the acute ex- 
periments the rabbits were exposed to 10-15% CO* for 2 hours before the test, while in 
the chronic experiments the rabbits had been in 15% CO- for one week. The animals 
were maintained in the CO* atmosphere during the test period. 

Results. A. Toxicity of Carbon Dioxide. 1. Following sudden exposure. 
The acute maximal tolerated concentration of CO* for our albino rats lay be- 
tween 10 and 20%. All animals survived 10% CO* indefinitely, an occasional 
one succumbed in 15%, but 80% of rats placed in 20% CO* died within 4 days. 
None survived in 25% CO* for more than 36 hours, whereas 50% CO* was uni- 
formly lethal within 6 hours. In all cases the oxygen concentration was main- 
tained at 21%. 

The rats were narcotized immediately when placed in concentrations of CO* 
above 30 per cent. A detectable grade of depression occurred with concentra- 
tions as low as 20% although the animals were not deeply narcotized. Death 
from carbon dioxide was always associated with evidence of pulmonary injury. 
The lungs were found to be edematous and filled with a sanguineous exudate 
when examined at autopsy. In the higher concentrations similar changes also 
occurred in the exposed mucous membranes. In the rabbit, transient convul- 
sions were produced by concentrations of 25% CO: and above, followed by a 
marked depression. 

2. During prolonged exposure. Ten rats were placed in the large animal 
chamber, supplied with food and water, and the concentration of CO* raised im- 
mediately to 10% where it was maintained for 30 days. The oxygen concentra- 
tion was maintained between 19 and 21%. The usual respiratory* response to 
excess CO 2 was the only objective sign observed, since the rats appeared normally 
active, and young born under these conditions were apparently normal. How- 
ever, a considerable weight loss occurred, ranging from 14 to 27%. This loss of 
weight is believed to be due primarily to a reduction in food intake since, as will 
be'discussed later, animals kept at higher concentrations ate sparingly or refused 
food entirely. Although no studies were made to determine the possible role 
of dehydration, it is perhaps significant that diuresis occurred during acute ex- 
posure to CO*. In view of the good general condition of the animals when they 
were removed, it is believed that this experiment could have been much prolonged 
without death of the animals. 

Blood studies were made on five of these rats at weekly intervals by Miss 



NARCOTIC ACTION' OF CARBON DIOXIDE 


13 


Ethel Thcwlis and t)r. O. 0. Meyer, of the Department of Medicine, who 
found a marked reticulocytosis as the only significant change. These results 
on the rat differ from those obtained on the rabbit and dog by other investi- 
gators (7, 8, 9) since we observed no significant change in hemoglobin levels 
or in the number of leukocytes or erythrocytes. 

In another experiment the C0 2 was allowed to accumulate gradually over a 
5-day period until a concentration of 20% was reached. The rats were main- 
tained at this level for G days and the concentration was then allowed to increase 
to 25% during the next 3 days. One animal died after 4 days at this level. 
At this time the concentration was reduced to 20% since the survivors were 
greatly depressed and a serosanguincous exudate appeared on the exposed 
mucous membranes. A similar situation occurred when another attempt was 
made to maintain the concentration at 25%. In this instance, the concentration 
was reduced to 23% and maintained for 10 days longer — a total of 29 days 
survival in concentrations of C0 2 varying between 20 and 25% (oxygen, 19 to 
21%). The rats ate sparingly at C0 2 concentrations above 10% and food was 
refused above 23%. During the 34-day experiment, 50% of the original body 
weight was lost. It is doubtful if this experiment could have been continued 
much longer with survival of the animals. 

When this group of animals was removed to room atmosphere they became 
very irritable and developed moderate tetany with episodes of mild clonic con- 
vulsions. This state lasted for 12 hours but no permanent effects were ob- 
served. The animals gained weight rapidly and had recovered completely within 
a few days. The action of these animals is in direct contrast to that observed 
in rats removed after 5 hours of acute exposure to 25% CO 2 . The latter were 
much more depressed during exposure and no convulsive manifestations were 
evident on removal; in fact, the depression produced by a given concentration 
of COj was always greater upon sudden exposure than during prolonged exposure. 

The toxicity of C0 2 is approximately the same for certain other laboratory 
animals as it is for the rat. Rabbits were depressed very significantly by a 
concentration of 27% C0 2 built up slowly over a period of 72 hours. A sanguin- 
eous exudate appeared on exposed mucous membranes but no convulsions were 
noted on removal. Dogs were partially narcotized by a concentration of 23% 
C0 2 , even when this level was reached by slow accumulation over a 5-day period. 
No convulsions occurred n hen the dogs were removed to room air. 

B. Effect of Carbon Dioxide on Oxygen Consumption. 1. Following sudden 
exposure. The oxygen consumption of rats determined, at various intervals 
after exposure to 11% C0 2 is shown in table 1. Numerous control runs in air 
and in an atmosphere of 11% CO> and 21% 0 2 indicate that the method is ac- 
curate to =fc 3%. The values for the oxygen consumption obtained in these 
runs checked well with data in the literature obtained by other methods (10), 
although the results were slightly higher since the rats were kept at 23° to 25°C. 

The oxygen consumption diminished immediately after exposure to 11% CO» 
and continued to decrease during the first several hours, reaching a minimum in 
betw een two and one-half and five hours. In some animals the oxygen eonsump- 



14 


J. H. BARBOUR AND M. H. SEEVERS 


tion was reduced to 75% of the control value at this time, and with continued 
exposure a gradual increase in oxygen consumption toward the control level 
occurred, until at 24 hours the latter was usually regained and in some instances 
exceeded. In one experiment in which a rat was exposed to a higher level of 
CO 2 (20%), there was a much greater decrease in the oxygen consumption 
during the first few hours, and on continued exposure for 48 hours the oxygen 
consumption did not regain the basal level but remained 15 to 20% below it. 

2. During prolonged exposure. The oxygen consumption of rats determined 
at several concentrations of CO; during prolonged exposure is shown in figure 1. 
The CO; content of the atmosphere was allowed to increase at a constant rate 
of 1.5 to 2% per 24 hours and was maintained at each concentration 24 to 48 
hours before the determination of oxygen consumption was made. No change 
in oxygen consumption was observed until the concentration of CO ; was greater 
than 10%. It was reduced to approximately 80% of normal by 15% CO; and to 


TABLE 1 

Oxygen consumption* following sudden exposure to CO t at SS°C. 
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Ihr. 

11 hr. 1 

21 hr. 

3! hr. 

A\ hr. 

[ 15 hrs. 1 
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74 
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71 

67 
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73 

24 

5 

92 

84 

79 

73 

79 

84 

: 

106 

21 

6 

75 

64 

60 


57 

63 

60 


24 


Rats nos. 1-5 in 11% COj. 

Rat no. 6 in 20% COj. 

* Values expressed as cubic centimeters of oxygen consumed per 100 square centimeters 
body surface per hour. 

Surface area calculated by Lee’s formula; s = 12.44 X (w) ,/s 

71% of normal by 20% CO 2 . During the 19 days of this experiment a 25 to 
30% weight loss occurred. Since no significant loss in weight or reduction in 
oxygen consumption was noted until the concentration of CO 2 exceeded 10%, 
it is possible that the reduction in oxygen consumption which occurs during 
exposure to 15 and 20% CO 2 may be related in part to the diminished food 
intake. 

C. Acid-base Balance of Blood Resulting from Acute and Chronic Exposure to 
Carbon Dioxide. The nature of the shift in the acid-base equilibrium resulting 
from both sudden and prolonged exposure of rats to CO 2 is shown in table 2. 
Since pentobarbital depresses respiratory activity, a respiratory' acidosis char- 
acterizes all of the control determinations made in room air. These abnormal 
control levels were considered adequate for comparative purposes since 
we were interested primarily in the degree to which the rat could compen- 
sate for the acidosis produced when exposed continuously to 11% CO; for a 
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period of 2 weeks. It will be noted that the plasma pH of rats which have been 
exposed to 11% C0 2 and 21% 0 2 for 17 days is in the same range as that found 
after one-half hour exposure even though the total C0 2 content is greatly in- 
creased, These results indicate that acclimatization, in so far as it occurs, is 
not due to a reSstablisliment of a normal level of pH. 

D. Effects of Various Concentrations of Carbon Dioxide on the Duration of 
Action and Toxicity of Pentobarbital. In the determinations of the acid-base 
balance of the blood during exposure to C0 2 , it was noted that high concentra- 
tions of C0 2 in the atmosphere prolonged the action of pentobarbital. This 
action of C0 2 was therefore investigated in the following experiments. 



Fio. 1. Oxygen Consumption during Prolonged Exposure to COj at 25°C 
Surface areas calculated by Leo's formula: « => 12 44 X (u>) ,/$ X — Died at 19% COj. 


i. Following acute exposure to C0 2 . Eighty rats were given 40 ragm. per 
kgm. of pentobarbital sodium intraperitoneally and divided into four groups 
of twenty animals each. One group served as a control and the other three 
groups were placed immediately after injection of the drug into atmospheres 
containing 5, 10, and 20% C0 2 , respectively. The animals were considered to 
have recovered when they could assume and retain the upright position. The 
data are expressed in figure 2 as number of animals recovered plotted against 
time. The few deaths that occurred were in animals with preexistent respira- 
tory infections. Since no deatlis occurred in animals without respiratory in- 
fections, the rats that survived may be treated statistically as homogeneous 
groups. Whereas 5% C0 2 liad no significant effect on recovery time (“t” be- 
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tween 0 and 5% = 0.529), a definite delay occurred with 10% C0 2 (“t” between 
5 and 10% = 3.83) and a marked prolongation was noted with 20% C0 2 (“t" 
between 10 and 20% = 4.5). Two other series of rats, not shown in figure 2, 
gave results which were qualitatively similar although the exact time relation- 
ships were not identical. 


TABLE 2 


Arid-base balance of blood of rats * exposed to 11% CO j 


THTEIN COl 

1 PER CENT COi 

v c 

pH, 

VOLUME PER CENT COj 

0 

0 

30 

7.36 

84.0 



42 

7.21 

82.8 



42 

7.26 

78.4 

Average . 

38 

7.28 

81.7 

i hr. 

12 

38 


91.4 



43 


91.4 



38 

7 08 

89.6 

Average 

40 

7.09 

90.8 

4 hrs. 

11 

40 

7.25 

114.3 



45 

7.10 

100.1 

1 


37 

7.07 




37 

7.09 

BPS 

Average ... . 

40 

7.13 

104.0 

20 hrs. 

11 

44 

7.14 




45 

7.17 




40 

7 39 




42 

7.16 

■nr- 

Average 

43 

7.22 

127.3 

17 days 

11 

39 

7.10 

145.8 



40 

7 14 

146.2 



41 

7.09 

128.5 



38 

7.19 

142 8 

Average 

40 

7 13 

140 8 


* Anesthetized with sodium pentobarbital 45 mg. per kg. intraperitoneaily. 


The increased sleeping time could result from an interference with the mecha- 
nism of detoxication of the barbiturate or from an additive or potentiating action 
of the drug and C0 2 . To obtain evidence relating to this question, three groups 
of twenty animals each were injected as outlined above. Group A served as a 
control and groups B and C were placed in an atmosphere containing 20% C0 2 . 
After six hours, when 60% of group A had recovered, group B was removed from 
the C0 2 while group C was allowed to remain in the chamber. The mean re- 
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covery times of the groups an ere as follows Group A, 5 6 hours (<r = ±1 5), 
Group B, 8 3 hours (<r = =fcl 4), Group C, 13 hours (a = dzZ 5) Assuming 
that all the effects of COj are completel} and rapidly reversible, sixty per cent of 
group B should ha\ e recovered iramediatel} if detoxication of the barbiturate 
had proceeded at the same rate as in group A However, since only 15% of 
group B recovered immediately and the mean recover} time of the remaining 
animals in this group was two to three hours longer than in group A (“t” be 
tween B and A = 5 9), it seems clear that during the penod in which the animals 
had been in COj the detoxication of the barbiturate was proceeding at a 
slower rate 

The depressant action of COi is shown clearly in the further prolongation of 
sleeping time in group C ("t” between means of B and C = 4 75), since none 
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of this group recovered until two hours after group B had been removed, and 
some individuals of the group were still narcotized when remo\cd after twenty 
one hours 

Another experiment of a similar nature was performed except that the am 
mals were given 75 mgm per kgrn of pentobarbital, which is approximately 
the LD W (11) Contrary to what might have been predicted from the results of 
the experiments with smaller doses, no additive toxicity could be demonstrated, 
even with 20% C0 2 although the recover} time of the survivors of these expen 
ments was prolonged in COj as in the experiments cited abo\e The mortality 
percentages m the four groups (20 animals each) were control — 60%, 5% C0 2 
30%, 10% COa — 35%, 20% CO*— 55% 

A 25% prolongation of sleeping time was observed m 3 rabbits given 55 mgm 
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per kgm. of amytal intravenously, and immediately placed in an atmosphere 
containing 20% CO;, the mean sleeping time increasing from 3.75 hours (<r = 
±0.3) to 4.75 hours (a — ±0.5). Although too few animals were used for the 
results to be significant in themselves, these facts concerning the intravenous 
administration of the barbiturate support the findings on the rat and indicate, 
furthermore, that the prolonged sleeping time observed in the rat is not due to 
delayed absorption of the drug from the peritoneal cavity. 

8. During chronic exposure io CO%. After exposure to 10% CO; for seven days, 
16 rats (group C) were given pentobarbital (40 mgm. per kgm.) and replaced 
in the same concentration of C0 2 . The sleeping time was compared with that 
observed in two control groups of 16 rats each, group A receiving the barbiturate 
only, and group B placed for the first time in 10% CO; after the barbiturate had 
been administered. The mean sleeping time of group A was three hours (er = 
±1.4), while the mean sleeping times of groups B and C were 4.9 hours (<r = 
±2.3) and 5.1 hours (<r = ±2.4), respectively. Since the “t”s between the 
means of groups A and B and A and C were 2.48 and 2.74, respectively, and no 


TABLE 3 

Effect of COi on liver function 



NUMBER OF 
ANIMALS* 

AVERAGE RETENTION OF DYE AFTER 

5 min 

10 min. 

IS mb. 

| 20 mm. 



Per cent 

Per cent 

Per cent 

[ per cent 

Controls . . . 

G 

45 

23 

n 

0 

After sudden exposure to CO-. . . 

S 



23 

15 

After chronic exposure to CO, 

3 



17 

11 


* The same rabbits were used for all determinations. 


significant difference exists between the means and variances of B and C, it 
seems clear that no tolerance to this narcotic action of the 10% CO; had been 
acquired by previous exposure for one week when tested by this method. 

E. Effect of Carbon Dioxide on Liver Function. In order to obtain further 
evidence relating to the mode of action of CO; in prolonging the action of pento- 
barbital, bromsulfalein liver function tests were made on six rabbits during both 
sudden and prolonged exposure to concentrations of 10 to 15% CO;. It will be 
noted (table 3) that all the dye had been removed from the blood of the controls 
within twenty minutes after injection. However, after acute exposure to CO;, 
15% of the dye was still present in the blood twenty minutes after the injection, 
and during chronic exposure 11% was still present. It is therefore apparent 
that such concentrations of CO; interfere with liver function and that there is 
little acclimatization to this action of CO;. 

The interference with liver function could result from a direct depression of 
the activity of the liver cells or from an interference with the blood flow through 
that organ. To obtain evidence relating to this question, 56 rats were given 
45 mgm. per kgm. of pentobarbital sodium intrnperitoneally and divided into 
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two groups of 28 rats each. One group served as a control anil the other was 
placed immediately aftei injection into an atmosphere containing 10% CO*. 
One-half of the rats in each group then received 15 mgra. per kgm. of sodium 
nitrite subcutaneously at hourly intervals until a total of GO mgm. per kgm. had 
been given. It w os found that the nitrite alone had no effect on the sleeping 
time (average: 5£ hours (<j = ±1 .4) with or without nitrite). However, the 
nitrite practically abolished the usual CO* effect on the duration of the narcotic 
action of pentobarbital, reducing the sleeping time from an average of 10 hours 
(ff « dbl.8) to only 7 hours (<r = ±2 5). Since the prolongation of sleeping 
time in the presence of 10% CO* ('“t" between 0 and 10% CO* = 7) has been 
reduced by the presence of a vasodilator to an amount that can not be considered 
significant (“t” between 0% CO* and 10% CO* plus nitrite = 1.77), these results 
indicate that circulatory changes play the major r61e in prolonging the action 
of pentobarbital. 

Discussion. The results on the acute toxicity of CO* for short periods of 
exposure are in accord with the observations of Prausnitz (3) who demonstrated 
that laboratory animals are not affected significantly by acute exposure to 10% 
CO*, and that a short exposure to 25 to 30% CO* produces a deep narcosis with- 
out appreciable after-effects. We have found, however, that concentrations of 
20% and above are usually lethal within 96 hours of continuous exposure when 
the animals are placed immediately in these concentrations of the gas How- 
ever, concentrations of 20 to 25% CO*, when gradually attained, are tolerated 
for nearly thirty days, indicating that some degree of acclimatization may be 
acquired to the higher concentrations of CO*. 

This acclimatization is not due to a reestablishment of a normal pH, a fact 
which is in accord with the results of Miller (7) who demonstrated that dogs 
exposed to 1.5 to 5% CO* for one to four weeks developed a mild uncompensated 
acidosis. In his experiments, the CO*-combining power was reduced, indicating 
the existence of a metabolic acidosis. 

Gesell and others (12, 13) report that short exposure to moderately high con- 
centrations of CO* decreases oxidations, and therefore oxygen consumption. 
The data presented here support these observations since the oxygen consump- 
tion is reduced by CO* concentrations of 10 to 20% during the first few hours 
following sudden exposure. However, in the rat, the process of acclimatization 
is associated with a leestablishment of the normal oxidative level since the total 
oxygen consumption returns to the normal level within 24 hours of exposure to 
10% CO*. Moreover, if the concentrations of CO* arc attained gradually, no 
reduction in oxygen consumption occurs until definitely narcotic concentrations 
are obtained (15% and above) 

If we accept tlie current theories which relate narcosis to diminished oxidations 
3n the central nervous system, it is neecssarv to assume that certain tissues of 
the body are more susceptible to the depressant effect of CO 2 on oxidations than 
are those of the central nervous system, since 10% CO* reduces the total oxygen 
uptake to 75% of normal, yet fails to induce a significant degree of narcosis. 
Furthermore, it seems probable that it is these same tissues which are involved 
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primarily in the process of acclimatization, since 10% C0 2 effects the same pro- 
longation of sleeping time after pentobarbital in the unacelimatized as in the 
acclimatized rat (one which has regained a normal level of total oxygen uptake 
during prolonged exposure to C0 2 ). 

This increased duration of action of pentobarbital during both sudden and 
prolonged exposure to 10% CO, may be related to a decrease in liver function. 
Results obtained by the bromsulfalein test support the view. Since this in- 
crease may be practically abolished by the administration of a vasodilator, 
sodium nitrite, and since the inhalation of C0 2 produces an acidosis with a re- 
sulting vasoconstriction which is only slightly, if at all, compensated after pro- 
longed exposure, it is most probable that both the increased sleeping time after 
pentobarbital and increased retention of the dye are due to a reduced blood 
supply to the liver. Moreover, this suffices to explain the failure of 5% C0 2 to 
affect the duration of action of pentobarbital, since Grollman (14) has shown 
that C0 2 does not affect the circulatory system significantly until a concentra- 
tion of approximately 6% is reached. 

SUMMARY 

The acute and chronic toxieities of carbon dioxide have been compared and 
certain factors concerned in its narcotic action have been investigated. 

1. The maximal tolerated concentration of C0 2 for the albino rat after sudden 
exposure is approximately 15%. However, when the final concentration of CO« 
is attained gradually over several days, the maximal tolerated concentration is 
approximately 23%. Likewise, a greater degree of depression is produced by 
sudden exposure to a given concentration of C0 2 than by prolonged exposure to 
the same concentration, indicating that the rat is capable of a certain degree of 
acclimatization. 

2 Following sudden exposure to 11% C0 2 , there is a temporary decrease in 
the total oxygen consumption of the rat. This reaches a level 15 to 25% below 
normal within two to four hours and slowly returns to the normal range within 
tv'enty-four hours of continued exposure. When the rat is placed in atmos- 
pheres with gradually increasing concentrations of C0 2 , the oxygen consumption 
remains within normal limits until concentrations of CO. greater than 10% are 
attained. 

3. During exposure to 11% C0 2 for thirty days, the plasma pH falls to a level 
as low as 7.09 in the first half hour and remains below 7.15 during the remainder 
of the period. The C0 2 content of the blood gradually increases to 130 to 148 
volumes %. 

4. A marked reticulocytosis occurs in the rat during prolonged exposure to 
11% C0 2 , but no corresponding increase in the number of leukocytes or erythro- 
cytes is observed. 

5. The sleeping time of normal rats anesthetized with pentobarbital is pro- 
longed in atmospheres containing 10 or 20% C0 2 . Similar results are obtained 
with rats previously exposed to 10% CO? for one w'eek. Evidence is presented 
which suggests that C0 2 delays the detoxication of pentobarbital by diminishing 
the blood flow through the liver as a result of the splanchnic vasoconstriction. 
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The authors are indebted to Miss Ethel Thewlis and Dr. 0. 0. Meyer, for the 
hematological studies, and to Mr. Harold Wooster for the statistical analyses. 
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The mode of action of digitalis in both the failing and the normal circulations 
of man remains controversial (1-4) and the circulatory effects of the purified 
digitalis glycosides have but recently been investigated (5-8). Many of the 
previous observations have been made on animals, or the excised organs of ani- 
mals. Often these data have not been applicable to man (6, 9, 10). Additional 
observations of a physiologic nature in man seemed desirable. 

This investigation had two purposes. First, to determine the effects produced 
by several purified cardiac glycosides on four components of the normal circula- 
tion, namely cardiac output, electrocardiogram, cardiac rate, and arterial blood 
pressure. Second, to compare the three glycosides, lanatoside C, digoxin, and 
digitoxin with regard to their effects on these circulatory components. These 
three drugs are of known chemical structure, available in purified crystalline 
form and, therefore, superior to preparations of digitalis, the composition of 
which is not only unknown but variable (8). 

In the present study we were interested particularly in the primary effects of 
the glycosides: the time of their onset, and their differentiation from secondary 
effects. In order to achieve these aims it was decided to administer the glyco- 
sides intravenously in single therapeutic doses. This eliminated the problem 
of differences in absorption and produced typical, full effects within a few hours. 
Frequent serial determinations were now possible throughout the entire period 
of the response, making differentiation between primary and secondary effects 
readily attainable. Such a differentiation may be difficult or impossible from 
data obtained at intervals of many hours or days, when effects have become 
established. The observations were continued well past the time at which 
therapeutic effects appeared when similar amounts of the drugs were adminis- 
tered to patients with congestive heart failure. 

Methods. The subjects were hospitalized convalescent adults without heart disease 
and with normal circulations and norma! electrocardiograms. Cardiac output was de- 
termined frequently and easily by means of a ballistocardiography Starr, Rawson, 
Shcroeder and Joseph (11), Starr and Schroeder (12), and Cournnnd, Ranges and Riley (13) 

1 Studies supported in part by grants from Burroughs Wellcome and Company, Inc., 
Lcderle Laboratories, Inc., and Sandoz Chemical Works, Inc. 

5 Eor generously placing this apparatus at their disposal, the authors thank Doctor Ilomer 
Smith of the Department of Physiology, Xew York University College of Medicine. 
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have demonstrated the accuracy of this method. In the calculation of stroke volume we 
have employed the correction factor of plus 18.5% suggested by Coumand et at. (13). 
Standard limb-lead electrocardiograms were recorded simultaneously with the ballisto- 
cardiograms. Heart rate was obtained from the electrocardiograms. A single observation 
consisted of a simultaneous ballistocardiogram and electrocardiogram followed immedi- 
ately by a determination of the arterial blood pressure (auscultatory method using mercury 
manometer) and a count of the heart rate for a full minute. All observations were made 
with the subjects in the same supine position on the ballistocardiograph. At least two 
hours had elapsed between the last meal and each observation. A rest period of thirty 
minutes or more preceded all determinations. After at least two control observations the 
overlying skin was anaesthetized with 2% no%’ocaine and the glycoside was injected intra- 
venously. Frequent observations nere then made- four to five in the first hour, eight to 
ten in the first three hours, ten to tw elve in the first day, and thereafter daily or every other 
day for two days to three weeks. 

Approximately two hours after administration the glycosides had usually induced definite 
changes in the electrocardiogram and maximum Blowing of cardiac rate. The heart rate 
was now returned to its "initial” level by the intravenous injection of 0 3 mgm, to 0 C mgm. 
of atropine sulfate, and observations were continued. This procedure was carried out in 
six subjects; two had previously received lanatoside C, two digoxm and two digitoxin. 

Results. Nino subjects received lanatoside C, nine digoxin, and ten digi- 
toxin given as digitaline Nativelle (a commercial preparation considered to con- 
tain at least 90% crystalline digitoxin).* The doses of lanatoside C varied from 
1.5 mgm. to 2.5 mgm., of digoxin from 1.2 mgm. to 2.5 mgm., and of digitaline 
Nativelle from 0.72 mgm. to 1.8 mgm- These doses usually did not cause defi- 
nite'symptoms or signs of digitalis toxicity, though slight anorexia and a sense 
of “uneasiness” were noted by some of the subjects six to ten hours after the 
injection of the larger doses. One subject received .lanatoside C twice, in dosage 
of 2.0 and 1.8 mgm. Six subjects received two different glycosides, administered 
in equal gram molecular amounts. The second glycoside was given only after a 
lapse of two weeks or more, and when the electrocardiographic changes caused 
by the first drug had disappeared. 

In five of the subjects control observations were performed with an equal 
volume of physiologic salt solution substituted for the glycoside. In one other 
subject 7% alcohol in physiologic salt solution was substituted. Some glyco- 
sides are dispensed in alcoholic solution which at the time of injection was 7 
to 8%. 

Electrocardiographic changes. The glycosides usually induced electrocardio- 
graphic effects but occasionally none were seen following doses which in other 
subjects caused definite changes. The changes induced were slight and when 
fully developed were of the same type and magnitude for all three glycosides. 
The most frequent alteration was a decrease in the amplitude of the T - wave in 
one or more leads (figs. 1, 2). Inversion of the T - wave was infrequent. Occa- 
sionally the S-T segment became slightly depressed. The P-R interval usually 
did not change, but twice it increased to 0.22 second, once to 0.21 second and 

‘Tor generous supplies of the glj cosides used in their investigation, the authors wish to 
thank Sandoz Chemical Works, Inc (lanatoside C), Burroughs Wellcome and Company, 
Inc. (digoxin), and Laboratoire Nativelle, Pang (digitaline Nativelle). 
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once to 0.41 second. Electrical systole (“ QT ”) and QRS were not significantly 
affected. 

Lanatoside C and digoxin induced these changes with approximately equa ! 
rapidity (table 1; figs. 1, 2). Initial changes usually appeared within ten tc 
fifteen minutes, maximum effects in one to six hours. Regression toward nor- 
mal was definite in twenty-four to thirty-six hours and often began as early as 
eight to ten hours after injection. A complete return to normal required three 
to six days, occasionally longer (table 1). 

After digitaline Nativelle, electrocardiographic changes developed and re- 
gressed more slowly (table 1; fig. 2). Initial effects usually appeared after one 
to one and a half hours, and only twice before thirty minutes. On this occasion 
slight changes occurred sixteen minutes after 0.72 mgm., the smallest dose given 
any patient. Maximum effects were reached in two to nine hours. Regression 
toward normal usually began on the second or third day, but in three instances 
within seven to nine hours. Minor deviations persisted as long as two to 
three weeks. 

This difference in the development of electrocardiographic changes was most 
apparent when equal gram molecular amounts of two glycosides were given to 
the same subject (fig. 2). Differences in the individual molecules now accounted 
for the differences in action. 

Hemodynamic effects. The analysis of the circulatory changes produced by 
the glycosides is limited to the primary effects, i.e., to changes occurring within 
the first two to three hours. It was during this period that electrocardiographic 
and circulatory effects developed in the normal subject and that therapeutic 
effects appeared when similar amounts of the glycosides were given to patients 
with congestive heart failure. Moreover, this was a single observation period 
and during it the most adequately controlled state was achieved. 

Physiologic salt solution and 7% alcohol in physiologic salt solution usually 
had little or no effect (fig. 3). When changes did occur, the cardiac rate fell 
slowly, accompanied by a small increase in stroke volume and a small decrease 
in minute output (table 2) . These changes were attributed to the prolonged rest. 

The circulatory changes induced by the cardiac glycosides were usually small; 
never more than moderate (figs. 4, 5, 6; tables 3, 4, 5). When fully developed, 
their magnitude and pattern were the same following each glycoside (tables 3, 
4, 5). Almost as frequent, however, was the absence of any hemodynamic 
change (fig. 7). This was noted with each glycoside and appeared to be not re- 
lated to the amount of drug administered. 

Typical, full responses (figs. 5, G, 7) consisted of a prompt, at times consider- 
able, decrease in heart rate; a slight to moderate increase in stroke volume; a 
small but consistent rise of the arterial blood pressure, largely of the systolic 
level and very little of the diastolic. The decrease in heart rate was proportion- 
ately greater than the compensating increase in stroke volume. As a result, 
the minute output decreased, but only slightly, and with it the cardiac index 
and the output per minute per pound. At times, the increase in stroke volume 
counterbalanced the decrease in heart rate and the minute output remained 
unchanged. 
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Circulatory effects of physiologic salt solution— administered xnlrai enously 
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The decrease m heart rate usually occurred promptly , w ithin ten minutes of 
the injection This was m contrast to the gradual cardiac slotting sometimes 
observed after salt solution As the heart slowed the arterial blood pressure 
usualh rose Both of these changes rapidly became maximal, then persisted or 



Fig 4 Circulatory Effects Induced by Lanatoside C 2 3 mom Intravenously 
Heart rate fell from 75 to 50 per minute, arterial pressure rose from 100/66 to U6/70 
*"• -** — • * — cc — cc — ~ - * ♦- » r ~" ' — 3 95 to 296 

. the letters 


slowlj regressed throughout the observation period Small do^es of atropine 
readilv returned the heart rate to its initial value without affecting significantly 
the arterial blood pressure 

As the heart slowed, stroke v olume increased but its maximum change usually 
developed more slow 1>, requiring fort} five to mnetj minutes Onlj occasion 
allj did the stroke volume decrease, and then but slightly 
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There appeared to be a definite relationship between cardiac rate and cardiac 
output. When a glycoside decreased the heart rate, stroke volume increased 
and minute output tended to fall (figs. 4, 5); when the heart rate did not change, 
cardiac output remained unaltered (fig. 7). 


BLOOD 
PRESSURE 
HM. Hg. 


PULSE 
PER MIN. 


STROKE 

VOLUME 


CARDIAC 

INDEX 


DIBOXIN 
2-0 mg- 




2 3 4 

HOURS 


1 24 
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Fic. 5. Circulatory Effects Induced by Digoxin, 2.0 mom. Intravenously 
Heart rate fell from 60 to 45 per minute, arterial pressure rose from 100/6S to 126/72 
mm. Hg, stroke volume increased from 51.5 to 61 cc., minute output fell from 3.0S liters to 
2.66 liters and cardiac index from 2.1 to 1.8. 


The electrocardiographic and hemodynamic effects were not always related 
to each other. Following lanatoside C and digoxin the two changes often ap- 
peared concomitantly (figs. 4, 5) but this was not always so (fig. 7). Following 
digitaline Nativelle the dissociation between the two effects was readily appar- 
ent (fig. 6). In a typical instance (fig. 6) electrocardiographic changes did not 
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appear before two hours, but within ten to twenty minutes the heart rate had 
fallen from fifty-four to forty -four per minute, the arterial blood pressure had 
risen from 120/84 to 142/94, the stroke volume had increased 0 cc , and the 



Fia 6 Circulatory Effects Induced by Digitaline Nativelle, I 75 
mgh Intravenously 

Heart rate fell from 54 to 44 per minute, blood pressure rose from 120/84 to 142/04 mm 
Hg stroke volume increased from 74 to 80 cc but minute output fell from 4 0 to 3 5 liters 
and cardiac index from 2 1 to 1 8 Note dissociation of the onset of hemodynamic and 
electrocardiographic effects 

minute output had decreased from 4 to 3 5 liters Contrariwise, typical electro- 
cardiographic changes at times followed each of the glj cosides without signifi- 
cant alteration m the circulation (fig 7) 

Release of vagal tone The slowing of the heart rate raised this question 
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To what extent were the established electrocardiographic and hemodynamic 
effects the result of the slower cardiac rate? 

When the heart rate was returned to its control value by atropine, the electro- 
cardiographic effects persisted, or even progressed. There was a tendency for 
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Fig. 7. Circulatory Effects Induced by Digoxin, 2.5 mgm. Intravenously 
In this subject circulatory changes were practically absent. Cardiac output and cardiac 
index remained unchanged. Cardiac rate and stroke volume showed slight and counter- 
’ ’ hours. Blood pressure rose promptly from 10S/70 to 130/70 mm. 

■ ■ changes appeared promptly, dissociating from the circulatory 

enecu. 


the amplitude of the T waves to decrease further and for the S-T segments to 
become slightly depressed. The associated hemodynamic changes were more 
variable (table G). Most often, the stroke volume decreased sharply and be- 
came smaller than the stroke volume of the control period. As a result, the 
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TABLE 6 


Circulatory changes accompanying the return of the cardiac rate to the control level when 
atropine teas given after the effects of the previously administered glycoside 
had become established 
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Fig 8 Circulatory Ciiances Induced by Digita line Natiyelle, 1 76 mom 
Intravenously and bt Atropine Sulfate 0 3 mom Intravenously 
when Effects of Glycoside Had Become Established 
The first arrow indicates injection of glycoside, the Becond arrow injection of atropine 



Cardiac 
rale per 
min 

Stood 
preuure 
mm Hg 

Stroke 

volume. 

Minute 
output. 
Uteri 
per nun 

Cardiac 

index 

Control 

72 

110/74 

43 5 

3.11 

1.91 

Effect of digitahne nativellc 

60 

120/72 

49.2 

2 95 

1 82 

Effect of atropine sulfate 

72 

114/72 

40 2 

2 89 

1.77 


Discussion The three cardiac glycosides, lanatoside C, digoxin, and digi- 
toxm (as digitahne Natitelle), were similar m that they produced electrocardio- 
graphic changes which, when fully developed, were of the same type and magni- 
tude The gl\ cosides differed from each other in the rapidity with which they 
induced the^e changes, and in the persistence of their effects This was evident 
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when the glycosides were administered in doses of equal weight. It was particu- 
larly true when equal gram molecular amounts of the different glycosides were 
given, after an appropriate interval, to the same subject. This latter method 
amounts to the administration of equal numbers of molecules of the different 
glycosides. It is now possible to compare the glycosides molecule for molecule. 
Such a comparison is believed to give a more faithful concept of the differences 
between the individual glycosides than comparisons utilizing doses based on 
units of potency derived from biological assay. The present study does not 
deal with a comparison of the glycosides in terms of their equally effective 
therapeutic doses. 

Following digitaline Nativelle electrocardiographic changes made their ap- 
pearance more slowly and were more persistent than after lanatoside C and 
digoxin, which acted with approximately equal (and surprising) rapidity. Since 
the drugs were given intravenously these differences probably depend on intrin- 
sic variations in the chemical structure or physical chemical properties of the 
glycosides. The relationship between these characteristics of the glycosides and 
their function is not explained by this study. 

The doses of atropine here employed were not sufficiently large to remove 
completely the vagal tone. However, the persistence of the electrocardio- 
graphic effects as the cardiac rate returned to the control level or beyond, sug- 
gests that the electrocardiographic changes were cardiac rather than vagal in 
origin. 

Since the effect on cardiac rate appeared to determine the other hemodynamic 
changes and since the slowing of the heart rate was of vagal origin, the circulatory 
effects of the glycosides seemed to depend on their vagal rather than intrinsic 
cardiac action. This was substantiated by the lack of relationship between the 
hemodynamic and electrocardiographic effects, the latter here considered indica- 
tive of an intrinsic, cardiac effect of the glycosides. (Changes in the T wave in 
the absence of change of position or of external stimuli are thought to arise from 
the heart itself). 

The oral administration of digitalis whole leaf has been reported to produce 
a decrease in cardiac (minute) output (14). An evaluation of the hemodynamic 
effects of the intravenously administered glycosides is difficult because of the 
inconstancy of the results produced. Doses which on occasions induced con- 
siderable alterations failed in other subjects to cause any effect, or resulted in 
small changes. The typical, full effect when present was similar for the three 
glycosides. It consisted of a considerable decrease in cardiac rate, a small to 
moderate increase in stroke volume, a small decrease in minute output and a 
small but consistent rise in arterial blood pressure. The usual change in all 
functions averaged 10% to 15% of the initial value, but at times amounted to 
20% to 25%, particularly in the cardiac rate. The resultant values never fell 
beyond the vide range of normal for any function studied. 

These hemodynamic changes were similar to the most marked changes ob- 
served during the prolonged rest of the control observations with salt solution. 
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But the changes induced by the glycosides appeared more quickly and more 
frequently and tended to be of greater magnitude. 

The means for the changes produced by all three glycosides in the heart rate, 
stroke volume, minute output and blood pressure were subjected to statistical 
analysis by the t test. The mean blood pressure change was the only mean 
which differed significantly from the corresponding control mean at P - 0.05. 
However, if instead of analyzing the means one examines all of the trials with 
both the glycosides and salt solution, there appears to be a definite tendency for 
the above-described pattern of hemodynamic change to occur more frequently 
and more clearly after the glycosides than after salt solution. The question- 
ably significant difference between the means of the two groups may be attrib- 
uted to the small sample size in the control group and to the presence therein of 
a single highly aberrant observation. 

There was a tendency for lanatoside C to produce the most marked cardiac 
slowing and increase in stroke volume, for digoxin to produce but little decrease 
in heart rate and for digitaline Nativelle to have very little effect on stroke 
volume. However, the above statistical tests indicated that the only significant 
difference between the hemodynamic effects of the three glycosides was the 
failure of digitaline Nativelle to increase the stroke volume. 

The temporary, small increase in arterial blood pressure which consistently 
followed the administration of the glycosides, was independent of the cardiac 
rate and occurred regardless of the effect on stroke or minute volume. This 
may suggest a peripheral, non-cardiac, action of the glycosides and also dis- 
counts simple blood pressure readings as indices of cardiac function. 

SUMMARY 

1. The cardiac glycosides, lanatoside C, digoxin and digitaline Nativelle, 
when administered intravenously in single therapeutic doses to normal subjects, 
induced small to moderate changes in the electrocardiogram and in several 
circulatory functions. 

2. "When fully developed, the type and magnitude of both the electrocardio- 
graphic and circulatory changes were essentially the same for all three glycosides. 

3. The electrocardiographic changes induced by digitaline Nativelle appeared 
more slowly and were more persistent than those induced by lanatoside C and 
digoxin, which acted with approximately equal, and surprising, rapidity. 

4. The typical, fully developed circulatory changes when present consisted - 
of: 

a) A prompt, often moderate decrease in heart rate, vagal in origin. 

b) A rapid small rise in arterial blood pressure, chiefly systolic. 

c) A slight, occasionally moderate, increase in stroke volume. 

d) A slight or questionable decrease in minute output. 

5. The cardiac rate appeared to determine the other circulate ry changes. 

6. There was no relationship between the electrocardiographic and the hemo- 
dynamic effects. 
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7. The circulatory effects appeared to depend principally on the vagal action 
of the glycosides; the electrocardiographic changes on their direct, cardiac action. 

The authors wish to thank Miss Bertha Bader for technical assistance and 
Miss Helen Pomykala for assistance throughout this study. 
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The shocking, even killing early effects of burns can often be attributed to 
the loss of protein nch fluid from the burned surface Under circumstances 
i\hcrc an abundance of blood plasma is immediately a\ nibble for replacement 
therapy, the senous consequences of this loas can usually be pic\ ented On the 
other hand, plasma is often not immediately a\ ailable, if at all In such circum 
stances, it is of great importance to curtail the loss of fluid and protein from the 
damaged -vessels The purpose of this report is to present evidence that when 
tissues are damaged b\ heat, the resulting loss of fluid and protein from the 
burned surface can be reduced significantly bv the sy atomic effect of a Imrbitu 
rate, pentobarbital sodium (“nembutal”) in sedative dose 

Methods Animals In searching for a suitable experimental animal in which blister 
mg and copious weeping of the burned surface would occur, like that in man, we examined 
chickens, rabbits oats, dogs and young pigs In none of these were we able to produce 
blisters or fluid loss through the skin to the extent observed m man following a burn Of 
these five groups of animals the blisters and fluid loss produced in chickens were nearest 
like those of man Preliminary observations on 10 young full grown female barred rock 
chickens and experiments on 128 rabbits constitute the basis for the conclusions arrived at 
inthis8tudy In nearly all cases the rabbits were mongrel albinos Because of the general 
shortage of animals it was necessary in a few cases to use gray's or spotted ones 1 he com 
position of control and test groups was the same in this regard ns it was with respect to 
age and w eight 

Anesthesia It is evident that in a study of this type inadequately considered ancsthc 
Bia might mask or otherwise vitiate the results obtained General anesthesia was avoided 
in tho following ways In the case of the ten chiclens, the cerebral hemispheres were 
exposed under local anesthesia (1 0% procaine hydrochloride) and the surface of the hemis 
pheres destroyed to a depth of 1 to 2 mm with an electric cautery Pain perception was 
thus prevented Twenty eight rabbits that were to receive skin burns w ere prepared under 
ether anesthesia 18 to 48 hours before the burns were carried out (the control and test ani 
mals were treated alike in this regard) by transection of their spinal cords at the level of 
the third lumbar vertebra in order to provide anesthesia but at the same time to preserve 
the sympathetic nerve supply of the region to be burned Six S w eck old pigs were prepared 
in this way also Fifty eight rabbits that were to receive burns of the small intestines 
required only local anesthesia (1 0% procaine hydrochloride) of the abdominal wall, since 
intestinal burns do not give rise to pain 

Burns In all coses two animals were prepared and burned in exactly the same manner 
Hot water was used to produce the burn The temperature and duration of the applica 


*Thc work described in this paper was done under a contract recommended by the 
Committee on Medical Research between the Office of Scientific Research nnl Develop 
ment and Harvard University 
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tion which would lead to the greatest fluid loss were determined. Following the burn, 
one animal chosen at random, was given barbiturate while the other was used as control! 

Chickens. Feathers were plucked from the lower half of the body and legs and the lower 
third of the body was burned by immersion in water at 70°C. for 5 seconds. The outer layer 
of burned skin became loose and could be rubbed off with a rough cloth, leaving a denuded 
surface which was constantly wet from oozing fluid. 

Rabbits and Pigs with. Skin Burns. On the day of the experiment the fur of the lower 
half of the trunk and hind legs was removed noth a sodium sulphite depilatory paste. The 
skin was washed well to free it from the depilatory. Each of a pair of animals was then 
burned by dipping the lower third of the body into water at 90° C. for 1.5 seconds, care 
being taken not to burn above the anesthetic area. The surface of the burned skin was 
rubbed with coarse sandpaper to remove the outer layer and to expose the moist surface 
beneath. 

Rabbits with Intestinal Bums. Each animal was strapped to a light board where it re- 
mained throughout the experiment. This facilitated the burning, weighing and handling. 
Under local anesthesia, as described above, a mid-line abdominal incision was made and a 
thin rubber sheet was stitched to the wound edges. This prevented wetting of skin and fur. 
After considerable trial the following procedure was arrived at: The cecal end of the small 
intestine was found and measuring from this point 90 cm. of the small intestine were gently- 
lifted out of the abhominol cavity. The animal was turned on its side and SO cm. of small 
intestine were allowed to slip into a basin containing water nt 60° C., where they remained 
for 5 seconds. Care was taken to avoid all tension on the gut. The intestines were then 
spread out on the rubber sheet, and the transudate allowed to drain away. No differences 
could be detected in peristalsis between control and barbitalized animals, although such 
differences were constantly sought. 

Use of the Barbiturate. In all cases, following the preparation and burning of the pairs 
of animals, one animal was chosen at random and was given intravenously a sedative but 
not anesthetic dose of pentobarbital sodium. The other animal Bcrvcd as control. The 
initial dose of the barbiturate was 15 or 20 ragm. per kgm. in 2.0% solution. Additional 
doses were given over the succeeding 4 hours so that the total quantity of the barbiturate 
administered amounted to about 40 mgm. per kgm. for the entire period of observation. 
The degree of sedation was about the same as that an average man would get from the oral 
administration of 0.2 to 0.25 grams of the agent. 

Measurement of Fluid Loss from the Burned Surface. Care was taken to see that the fluid 
which escaped from the burned surface either evaporated or drained from the animal. In 
the cases where a rubber sheet was used, this was wiped dry before the fluid loss was meas- 
ured. The fluid which escaped from the burned surface was determined by- weighing the 
animals at hourly intervals on a balance accurate to 0.5 gram, and the loss calculated by- 
difference. In most cases both the urethra and anus were tied off under local anesthesia, 
except in those cases where spinal cord transection made the use of local anesthesia un- 
necessary. In the majority of cases the bladder was emptied by catheterization. In the 
cases where the anus was not tied off, any fecal matter expelled during the course of the 
experiment was carefully collected and the weight loss corrected. The simultaneous study 
of control and test animals eliminated whatever hazard might have arisen from seasonal 
differences as well as day to day differences in evaporation rates due to laboratory- varia- 
tions in humidity, room temperature or barometric pressure. The fluid loss, followed over 
a four hour period, was calculated in terms of percentage of the original body weight. 
Corrections were made for the barbiturate solution injected, and for weight changes oc- 
curring during the intermittent blood pressure measurements. 

Differences in fluid loss were grossly apparent in the skin burn experiments even to the 
casual observer. The skin of the animals under the barbiturate became parchment-likc 
and was drier than the wet, sticky, puffy- skin of the controls. See figure I. 

Measurement of and Correction for Fluid Loss from the Lungs. While the doses of barbi- 
turate used were not great enough to produce more than slight if any- respiratory depression, 
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the total respiratory exchange in the controls was greater than in the animals under the 
barbiturate The hitter group was liss cxtitiiblc and not mi lined to h> pcrvcntilnte every 
time some one stirred in the laboratory as was the case with the control animals Because 
of this difference the water loss from the lungs of two groups of normal animals had to be 
determined These measurements were made in 30 rabbits, untraumatized except for 
exposure of one carotid artery for the measurement of blood pressure and removal of blood 
samples Half of these animals had the barbiturate ns described above, and half had none 
Blood Pressure Measurement and Blood Sampling The shin of the neck of the animals 
was anesthetized with local anesthesia (0 2% procaine hydrochloride), a carotid artery was 



On the right (B), two views of a young pig burned ns above 1 his pig had received no 
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exposed and tied off Arterial blood samples (20 c c ) were withdrawn and heparinized 
for hematocrit (1 25 c c , Hoiirke-Ernstcnc) and plasma protein (Zeiss refractomcter) 
determinations Samples were taken before the bum and at the end of the experimental 
period, usually 4 hours after the burn Samples of the transudate escaping from the in 
testinal vessels were collected and analyzed for protein b> the refractometer method 
Mean arterial blood pressure was estimated intermittently by the use of an 18 gauge 
needle thrust into the carotid artery and attached to a mercury manometer Pressure 
determinations were made before the burn and at intervals (about hourly) after the burn 
in control and in medic \ted animals In the case of the chickens, the exceedingly small 
size of their available arteries made it impossible, without resorting to near micro technic, 
to measure blood pressure satisfactorily This was a large factor in our decision to shift 
to rabbits, see "Comment” below 
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Body T cmpcralttre. Heating pads were used throughout these experiments and with the 
exception of the burned area, the animal was covered to prevent loss of heat. The body 
temperature was followed by placing a thermometer in the abdominal cavity through a 
small slit in the wall. The temperature of the control and test animals was maintained at 
the same level, near normal. 

Comment on the Methods and Materials. After the small series of chickens had been 
studied, it seemed fairly clear thnt the effect sought for, curtailment of fluid loss from a 
burned surface, was present. As far as the chicken experiments were concerned, we could 
not be certain that the observed effect on fluid loss was not due to lowering of the systemic 
arterial pressure by the barbiturate used, certainly undesirable in considering possible 
therapeutic usefulness of the effect. Because of the difficulty in measuring accurately 
arterial blood pressure in chickens and because we preferred to study mammals, we shifted 
to rabbits. 

While a barbiturate effect in curtailing fluid loss from the burned skin was demonstrated 
in the case of the 10 chickens and the first (2S) rabbit group we suspected that the difference 
observed between control and test subject in the case of the rabbits at least might have been 
larger had it been possible for the fluid to well up from the deeper skin layers, possibly 
through sweat glands ns may take place in man. 

In the experiments reported in this paper, it was important to eliminate or circumvent 
two primary difficulties: (a) pain in the experimental procedure that would require general 
anesthesia and (b) skin structure of animals dissimilar to that of man. The anesthesia 
problem was minimized to the point of relative unimportance as described above. The 
latter problem was at least partially overcome by testing in a critical way whether or not 
barbiturates could curtail the fluid loss from burned intestinal blood vessels, that is, under 
circumstances where difficulty of escape of fluid through overlying tissues was not an in- 
terfering factor. 

Six to eight week old pigs were not satisfactory for demonstrating weight loss from burns, 
for differences in subcutaneous fat of the body as a whole from one animal to another may 
greatly alter the weight, yet the low surface area suitable for burning with cord transection 
(at about the third lumbar vertebra) remains nearly the same. This interferes with a 
demonstration of true differences in fluid loss in terms of percentages of body weight. 
Furthermore, a relatively small area of the body surface of pigs could be burned in compari- 
son with that possible in the case of rabbits when the spinal cord was transected at the level 
of the third tumbnr vertebra; accordingly the fluid loss was small in proportion to the total 
weight of the animal, and experimental errors proportionally great. The pigs were useful, 
however, to demonstrate grossly drying of the burned skin following the administration of 
barbiturates, although they were no better than the rabbits in this regard. See the Figure. 

Morphine. Since morphine is widely employed in controlling pain in burned subjects 
it was necessary to investigate whether or not morphine would curtail fluid loss from a 
burned surface as well ns a barbiturate. The procedure described above for pairs of rabbits 
with intestinal burns was repeated with 13 pairs of rabbits where one of each pair received 
initially about 1.4 mgm per kgm of morphine hydrochloride intravenously; over the 4 hour 
experimental period about 0.7 mgm per kgm were added to the initial dose. This produced 
marked analgesia and definite respiratory depression. The respiratory water loss was 
determined in 12 unburned rabbits under morphine. This was compared with the respira- 
tory water loss of a group of 15 normal control rabbits. These data were used to correct 
the morphine group and its control group so that attention might be focussed upon the 
fluid loss from the burned surface. 

Results. The data obtained are presented chiefly in the tables. 

While occasionally we encountered a control animal that lost no more fluid 
than the animal under the barbiturate, we have never seen an animat of the 
latter group that lost to a significant degree more fluid titan the control, although 
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TABLE 1 
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66±6 


Pentobarbital Sodium f 

[ Morphine HC1 

Number of animals 

5 

14 

16 

15 

13 

12 

Sex 







Males 

0 

7 

11 

12 

10 

10 

Females 

5 

7 

5 

3 

3 

2 

Body weight (grams) 

1316±82 

2351 ±65 

2242±68 

2345±74 

2037±133 

2012±122 

Four hour weight loss 







(percent body 







weight) 1 

2 60±0 30 

1 57 ±0 OS 

1 68±0 10 

0 52 ±0 04 

1 83±0 10 

0 43 ±0 03 

Hematocrit (percent) 







Preburn 


37 7±1 0 

42 1±1 0 

40 0±1 1 

41 8±1 5 

40 1±1 2 

Four hours post burn i 


41 6±1 5 

52 8±1 3 

40 8±1 5 

49 3±1 3 

40 0±2 0 

Plasma protein (per 







cent) 







Preburn 


6 n±o is 

6 22±0 13 

6 2S±0 15 

5 9S±0 17 

6 49±0 17 

Four hours post burn 


5 53±0 23 

5 87±0 20 

5 44±0 17 

5 67±0 21 

5 64±0 22 

Blood pressure (mm 







He) 







Preburn 


104±2 

118±2 

115±2 

114±3 

110±4 

Two hours post burn 


78±3 

S2±4 

94 ±3 

89±3 

97±5 

Four hours post burn 


G7±4 

72±5 

92±2 

67±4 

S9±4 





In order to eliminate respiratory water loss and to limit consideration to the fluid lost 


through the burned areas the follow mg measurements were made of the w atcr lost through 


the lungs 



When the above data (rabbit) are corrected by subtracting the respiratory water I 033 
the fluid loss through the burned area is found to be as follows. 


Rabbits— skin burn 

14 

1 26 

14 

warn 

20 

Rabbits — intestinal burn 

16 

1.50 

1G 

■ cl-. 

29 

The following data show that morphine has no such effect ns the barbiturate - 




MORPHINE ! 

1 

Rabbits— intestinal burn 

13 

2 05 ± 0 18 

13 

1.83 ±0.10 

to 

Rabbits — respiratory loss 
Rabbits— intestinal burn cor- 

15 

0 62 ± 0 04 1 

12 

0 43 ± 0 03 


reeted for respiratory loss j 

13 

1 43 

13 

1 40 

2 


* Percent of body weight with standard error of the mean 

t Data from the same group of unburned, unmcdicatcd rabbits used as respiratory 
control for barbiturate and morphine groups. 

I This disappears when the respiratory correction is made, see below 


barbiturate, 5.17 ± 0.10 fot the morphine control group and 5.12 ± 0.31 for the 
animals under morphine. 

Autopsies nere routinely perfoimed. It early became apparent that the duo- 
denal mucosa of the rabbits with skin burns that had leccived barbiturates iveie 
giossly much paler than the otlieis The pathologist, Dr Benjamin Castlemnn, 
consideied the duodenums of 16 animals as “unknowns” He difTeientiated 
micioscopieally between those -bowing abnoimal capillaiy congestion and those 
that did not. The foimer weie in the conti ol gioup and the latter had received 
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the barbiturate. With 16 chances foi error lie differentiated accurately in 12 
cases, his descriptions were equivocal in 2 and in 2 they failed to agree with 
what might have been expected on the basis of the other experience. Consider- 
ing the variability of action of the barbiturates, this is a rather striking result. 
It merits further study, in conjunction with the well-known tendency of burns 
to produce intestinal lesions. 

In the case of the barbiturate studies, in both the skin and intestinal burns, 
essentially the same mean fluid loss values were obtained with half the experi- 
ments as with the final number; therefore since no morphine effect on fluid loss 
was present in 13 pairs of animals, further experiments in this direction appeared 
to be pointless. 

Discussion. Basis for the Present Study. It has been observed by Seeley, 
Essex and Mann (1936) and by Beecher, McCarrell and Evans (1942) that fluid 
loss from traumatized intestines is less under barbiturates than under ether. 
Poldermnn and Beecher (1941) have observed that the flow of lymph under 
standardized conditions is less under barbiturates than under ether. While 
these data are concerned with a comparison of barbiturates and ether, it seemed 
possible that barbiturates might also reduce the fluid loss below that expected 
if no sedative or anesthetic had been used This led us to examine the effect of 
a barbiturate on the fluid loss from a burned surface and to compare the fluid 
loss in such a case with that which occurred when no sedation or anesthetic 
was administered. 

Mechanism of Production of the Obscncd Effects. How- a barbiturate effects 
curtailment of fluid loss from damaged capillaries is not ceitam Under the 
curcumstances of this experiment, the effect is not accomplished through a 
general blood pressure lowering effect, for arterial blood pressures were carefully 
followed (rabbits) and found to be the same in control and test animals This 
was to be expected since relatively small doses of barbiturates were used Al- 
though the mode of action of the barbiturates in reducing the fluid loss is not 
clear, two chief possibilities may be mentioned. 

0) The barbiturate may have reduced the flow of capillary filtrate by causing 
capillary contraction with reduction of the extent of the filtering surface. Sup- 
port for this view can be found in the observations of Bennett, Bassett and 
Beecher (1943) that sudden increase in depth of barbiturate anesthesia is associ- 
ated with an often demonstrable increase in peripheral resistance to blood flow. 
Moreover, the pale, cool skin customarily found m man under barbiturate anes- 
thesia may be the result of peripheral constriction of blood vessels This expla- 
nation appears to be a moie likely one than the following: 

(2) The barbiturate may have lowered the capillary pressure m the tissues studied. 
Evidence for such a view can be found not only in the effect of the agent in di- 
minishing the fluid loss from the burned surface but also in its effect in leducing 
the capillary dilatation and congestion of the duodenal mucosa If we assume 
that the barbiturate does lower capillary pressure, then it lowers the filtration 
pressure. While there is no direct evidence that this is the case, such an assump- 
tion can form a working hypothesis and it also offers a tentative explanation 
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for the following puzzling data: Bollman, Svirbelly and Mann (1938) reported 
that the plasma volume of dogs increased 9% under sodium amytal anesthesia. 
A similar increase occurred in the absence of the spleen. In agreement with this, 
Hamlin and Gregersen (1939) found that pentobarbital sodium causes a 10% 
increase in plasma volume in normal cats. Suppose at the moment the barbitu- 
rate was injected that a condition of near equilibrium existed between the filtra- 
tion pressure inside the capillary and the pressure of the filtrate outside. With 
lowering of the capillary filtration pressure it is possible that fluid would return 
from the tissues to the bloo'd stream, and that an actual increase in plasma 
volume would result. As mentioned, this has been observed. Support for the 
view that the contractile mechanism of the blood vessels is concerned in the 
production of these barbiturate effects is found in three 2 observations of Hamlin 
and Gregersen (Ioc. cit.) that the plasma diluting effect of the barbiturates does 
not appear in their sympatheetomized cats. (In this case they report increases 
of only 2% or less.) 

The interference with metabolic processes known to be caused by barbiturates 
may result in a decreased formation of synthetic water. While it hardly seems 
likely that this could be of importance here, it might possibly be a contributing 
factor. Available data do not warrant at this time an attempt to give a com- 
plete discussion of the possible mechanisms involved. In any such discussion 
the effects of barbiturates on the permeability of membranes would have to be 
considered. From the hematocrit data presented in table 1, it appears unlikely 
that changes in blood viscosity could account for the phenomenon observed. 

In the present study the data obtained are concerned with fluid loss, well 
known to be of importance in the development of bum shock, rather than, at 
the moment, with the development of shock itself. In a subsequent study it 
will be interesting to observe the effect of barbiturates on plasma volume in 
the presence of large weeping bums and to observe the relationship of plasma 
volume to fluid loss as shock develops. It is of importance to know where the 
fluid is that is not lost from the burned surface in these animals which have 
received barbiturates, and in this connection we have not been able to find fluid 
accumulation outside of the circulator}' system. It is reasonable to suppose 
that even if this “saved” fluid has not remained within the blood stream (as 
all available evidence suggests is the case) it is not lost to the body and can be 
reabsorbed into the blood stream. 

Clinical Implications of the Observed Effects. Even if man lost no more fluid 
in terms of percentage of his body weight than rabbits in response to a burn 
(certainly not the case), the difference in fluid loss effected by the barbiturate 
might well be critical. 2 In the case of a 75 kgm. man, if he loses fluid as chickens 
do in a 4 hour period following a bum of one third of his body surface, he will 
lose about 3.4% of his body weight through the burned area, that is about 2550 

-• x fourth experiment had to be ruled out, since regroivth of splanchnic connections 

mav have occurred. ... 

See Cannon’s discussion (1923) of the importance of “critical further bleeding —widely 
recognized by all who deal with hemorrhage either in man or in experimental animals. 
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cc whereas if he had received barbiturates to the point of sedation this loss 
would have been 2 6% of his body weight, about 1930 cc , a saving of some 000 
ce of fluid nearly as rich in protein as plasma, equivalent to the plasma from a 
liter of normal blood Since this 000 cc “plasma’ loss comes on top of a 1900 
cc loss m the subjects without barbiturate its importance is eudent 3 

Certainly an\ claims as to the value of barbiturates in the therapy of bums 
are not vet called for, althought enough expenmcntcl data arc at hand to suggest 
a clinical test of the matter The follow ing considerations strengthen this point 
of Mew The use of barbiturates to curtail the fluid loss from a burned surface 
does not interfere with or replace any standard bum therapy The procedure 
b particularly well adapted to field use and use under all circumstances in the 
mtcrv al before plasma replacement therapy can be started or w here the plasma 
supplv is limited The procedure in tending to dry up the skm is adv antageous 
for certain forms of bum surface therapy The barbiturates ha\ e a desirable 
sedative and •somewhat analgesic action Small doses arc effective Morphine 
lias of course great importance in the control of pam in patients w ith e\tensiv e 
bums, and is used in large dosage for tins purpose There was the possibility 
that morphine might also curtail fluid loss There w ould be little use m emplov 
ing barbiturates m these cases if morphine also curtailed fluid loss, accordingly, 
morphine was tested in this regard Under the conditions of these experiments 
morphine has no effect on the fluid loss from a burned surface 

SVMWARV AND CONCLUSIONS 

This studv demonstrates that when tissues arc damaged by heat that the re 
suiting lois of fluid and protein from the burned surface can be reduced signifi 
cantly by a barbiturate Pcntobaibital sodium ( nembutal ) in sedative dose 
was used to demonstrate this effect in chickens (preliminary observations) and 
finallv in rabbits In the latter animals two types of tissue were burned (a) 
skm and (b) small intestine with its mesentery 

In the experiments reported here, it was important to eliminate or circumvent 
two primary difficulties (a) Pam during the experimental procedures overcome 
by the use of decortication (chickens), local anesthesia (abdominal wall m rab 
bits), and low spinal cord transection (skm bums in rabbits) (b) Skm structure 
of animals dissimilar to that of man This apparentlv is responsible for the 
smaller degree of weeping of the burned surface in animals than is true in the 
ca*c of man To study the effect of barbiturates when the effect of overlying 
layers of skm was not a factor burns of the small intestine and mesentery were 
earned out 

The barbiturate was administered following the burn The quantity of fluid 
loss from the burned surface was determined b\ weight difference The re 
spiratory wntei loss was determined and found to be less in the rabbits with 
barbiturate than in the controls accordingly corrections were made for this 

On examining the animals no extrav oscular accumulation of fluid was found 
in the •dvin bum experiment* It seems probable that the fluid remaining w ithm 
the animal as a result of the barbiturate remained within the vasculai svstem 
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While a final statement on this question waits on plasma volume and other body 
fluid volume studies, direct evidence supporting this view was found in less capil- 
lary' and lymphatic congestion demonstrated by microscopic pathological exam- 
ination in the animals with barbiturate as compared with the controls. 

The mechanism of action of the barbiturate effect is not clear. The suggestion 
was made that it might be accounted for by a reduction (a) in capillary filtering 
surface or (b) in capillary pressure. Evidence was cited that the vascular con- 
tractile mechanism may be concerned. The effects reported were not due to 
differences in systemic arterial pressure between the barbiturate and control 
groups of rabbits. 

A much drier skin surface is obtained, following a burn, when barbiturates 
are used than when they are not. Much less capillary congestion of the duo- 
denal mucosa was observed in the animals with skin burn when barbiturates 
were used than when they were not. 

Calculations were made suggesting that if a man lost no more fluid than ani- 
mals following a bum that the fluid and protein saved by the use of barbiturates 
might be critical in circumstances where plasma replacement therapy was not 
available or was delayed. Reasons are offered as to why the barbiturate effect 
described here merits a clinical study in the treatment of burns. 

Finally, studies were carried out with morphine since it is already widely 
employed in the treatment of bums. Morphine has no curtailing effect on fluid 
loss as does the barbiturate. 
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The currently accepted treatment of barbiturate poisoning is the stimulation 
of the central nervous system by more or less specific drugs (I). The best re- 
sults have been obtained with picrotoxin (2) which stimulates the midbrain and 
the medulla, and particularly the depressed respiratory centre (3). However, 
picrotoxin is in itself a dangerous drug, the margin of safety between its effective 
and lethal dosages being rather small (4). 

The work of Quastel and Wheatley (5) upon the mechanism by w hich barbit- 
urate depresses the respiration of the brain tissue, suggested to us a new and 
safer treatment for barbiturate poisoning. These authors reported that barbi- 
turates decreased the Qo : of brain tissue in vitro, by inhibiting the oxidation of 
glucose, lactate and pyruvate. The oxidation of succinate was not affected. 
It occurred to us that by supplying sufficient of the latter substrate, one might 
adequately maintain the metabolism of the brain of a poisoned animal until the 
barbiturate had been destroyed or excreted. We found that succinate was, 
indeed, an effective antidote for barbiturate poisoning. We also found that, 
following the administration of anesthetic doses of barbiturate, succinate could 
be used to control the duration of the anesthesia. 

The recovery of rats from nembutal poisoning. Male rats of the Long- 
Evans strain, weighing 200 ± 20 grams, were used throughout. Food was re- 
moved from their cages 16 hours prior to the experiments but water was allowed 
ad libitum. Into each animal the M.L.D. established by Carmichael (6), namely, 
8.5 mgm. of sodium pentobarbital (Nembutal) per 100 grams body weight was 
Injected intraperitoneally as an 8.5% aqueous solution 

We are aware of the differences of opinion which exist as to the best criteria 
for the duration of anesthesia. The end point is not sharply defined by any 
standard. We measured the duration of anesthesia from the moment the animal 
collapsed and no longer responded to noxious stimuli, to the time when it spon- 
taneously assumed a normal upright position. 

Our first attempts to use sodium succinate as an antidote were to inject vary- 
ing amounts of an aqueous solution subcutaneously some minutes after the ani- 

1 Aided by a grant from tlie A B Kuppenheimer Fund. The department is in part 
supported by the Michael Reese Research Foundation 
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mals bad collapsed. The results were so irregular as to suggest that, in many 
animals, the dose of anesthetic used was sufficiently toxic to render the circula- 
tion too slow for effective absorption of the succinate. We therefore turned to 
intravenous injection of the succinate into the external jugular vein, using 25 
mgm. per body weight, dissolved in 1 cc. of distilled water. Of 20 control ani- 
mals injected with 1 cc. saline, 13 died, while only 4 of the 20 succinate-trentcd 
rats succumbed. 

While the results of the intravenous injection of succinate appeared to be 
significant, this procedure in so small an animal rendered the work laborious 
and time-consuming, and unexpected difficulties interfered with the maintenance 
of constant time intervals. To obviate these difficulties but at the same time 
assure the absorption of the succinate, we finally settled on the intramuscular 
injection of the antidote (100 mgm. per 100 grams body weight in 1 cc. of water) 
15 minutes prior to the administration of the anesthetic. Table 1 shows the 
results of this treatment in 40 rats compared with 40 control rats. It may be 
seen that 34 (85%) of the succinate-treated animals survived while only 18 
(45%) of the control animals recovered. 

Each number in the columns of table 1 represents a different rat. It also 
gives the time in minutes which elapsed from the collapse of the animal after 
nembutal injection, to its death or to its recovery as the case might be. The 
numbers in each column have been arranged in order of magnitude to show the 
extreme variability of the time factor in this work, and the futility of calculating 
average times for death or recovery. However, the median times for the groups 
(indicated by the horizontal line across each column) suggest that the succinate- 
treated animals took a longer time to die or recovered more quickly than the 
corresponding control animals. 

The control of the duration of barbiturate anesthesia in rats. The 
influence of succinate on the duration of barbiturate action was much more 
clearly shown when, instead of toxic doses, the usual anesthetic doses of nem- 
butal were used. Hence the latter were also used to tost the possible beneficial 
effects of glucose and of carbohydrate intermediates other than succinate. Simi- 
larly, anesthetic rather than toxic doses of sodium amytni were used in the 
further testing of succinate. 

Figure 1 graphically demonstrates the influence of different amounts of sodium 
succinate on the effect of an anesthetic dose of nembutal. 2.5 mgm. of nembutal 
per 100 grams body weight, in 2.5% aqueous solution, injected intraperitoneally, 
was used throughout. The type and size of animal and the conditions prior to 
experiment were as described in the previous section. The amounts of sodium 
succinate used varied from 0.05-50 mgm. per 100 grams body weight. The 
particular dose of succinate used was dissolved in 1 cc. of distilled water and was 
injected intramuscularly, 5-7 minutes after the administration of the nembutal. 

The heavy horizontal bar across each block in figure 1 represents the median 
duration of anesthesia for a particular group of animals. The times for individ- 
ual rats are plotted along each block to show the number of animals and the 
scatter of values from which the median was derived. Although the great 
time-variability seen in the poisoning experiments persisted, the results in the 
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TABLF 1 

Incidence and times of death and of recovery respectively, of rats given 8 6 mg nemfculal 
per 100 gm body weight intrapcnloneally 

The succinate treated rats received 100 mg sodium succinate per 100 gm body 
weight, 15 minutes prior to the injection of the barbiturate The horizontal lines 
across the columns indicate the median time for each group 


CoOTfcOL 

j SCCONATI TMATtD 

Died 

Recovered 

Died 

Recovered 

mmlit 

minuter 

minutes 

minuter 

15 

6S 

34 

66 

21 

180 

37 

86 

22 

ISO 

90 

90 

23 

186 

— 

95 

28 

187 

90 

104 

2S 

1<K> 

94 

118 

35 

202 

130 

127 

42 

202 


128 

4S 

206 


147 

52 

— 


153 

60 

209 


157 

— 

215 


160 

6S 

229 


166 

86 

246 


170 

93 

246 


178 

131 

248 


179 

152 

253 


182 

163 

256 


— 

182 

276 


191 

215 



209 

216 



228 

222 



231 

225 



231 




238 




238 




242 




260 




260 




261 




270 




271 




231 




281 




2SS 




311 

Total rats 22 

18 

6 

34 

Percentage survived 

45 


85 


present experiments aie unequn ocal As little as 5 mgm of sodium succinate 
per 100 grams bod} weight reduced the median duration of anesthesia to half the 
conti ol \alue, while 37 5 mgm pci 100 giams bod} weight reduced it to one third 
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DURATION OP ANESTHESIA fl.er.butsl ! 
Minutes 



Fig. 1. The Influence of Different Amounts of Sodium Succinate on the Duration 

of Nembutal Anesthesia 

The dots in each block represent times for individual rats. The horizontal bar across 
each block indicates the median time for the group. The number of rats in each group is 
indicated in parenthesis above the block. 


DURATION OF ANESTHESIA fScxJIua Asjttl ) 
Minute* 



Fig 2 The Influence of Different Amounts of Sodium Succinate on the Duration 
of Sodium Amytal Anesthesia 
Conventions as for figure 1 
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of the control In spite of the relati\el\ small number of animals in each of the 
treated groups, the graded effects obtained with graded dosages arc xery con 
\mcmg The statistical significance of the results with each do«c of succinate 
is indicated by the \aluc of Fisher’s Student “i" (b\ which a t value of 2 0 or 
abo\e is significant) For the 0 05 mgm dose, t — 12,05 mgm , l « 54,5 
mgm ,t = 4 9,25 mgm , i = 5 0,37 5 mgm ,1 = 0 6, 50 mgm , t = 7 9 Because 
of the \anance m the control group, a further statistical analysis of the relation 
of dosage to time was made, using the “F” test It was found that F = 12 8 
(3 3 or abo\ e is significant) 

Figure 2 summarizes another senes of experiments similar in all respects to the 
abo\ e except that sodium am\ tal, (5 mgm per 100 grams bod\ w eight) was used 

DURATION or untmu 



/lOO gra&J body « 

Fig 3 A Comparison of the Influence of Sodium Succinate on the Duration of 
Nembutal Anesthesia with the Influence of Equimolar Amounts of Glucose 
Sodium L*ctate and Sodium Mahte 
The control and succinate blocks are taken from figure 1 

to induce anesthesia It ma\ be seen that sodium succinate exerted a similar 
effect to that which it had on nembutal anesthesia Statistical analysis by the 
method desenbed above ga\e the following xalues For the 0 5 mgm dose, t 
= 25 5 mgm / = 4 4, 25 mgm l = 09 Quantitatne comparisons with the 
nembutal lesults are not justified m xiew of the smaller number of animals used 
It may be mentioned in passing that a number of preliminary test* of sodium 
"Ucemate on the anesthesia induced by tnbromethanol or A\ertin (as repiesen 
tati\e of non barbiturates) yielded no effects whatsoever 
Figure 3 compares the influence of sodium succinate on nembutal anesthesia 
with the influence of equimolai amounts of glucose sodium lactate and sodium 
oialatc Although the doubtful reduction in the median duration of anesthesia 
produced by the latter substances is lather consistent (and suggests further 


54 


SAMUEL SOSKIN AND MATTHEW TAUBENHAUS 


trials with larger dosages), there is no comparison between these effects and the 
influence of an equimolar amount of succinate. The t value for the succinate 
was 5.6, while that for equimolar amounts of glucose, lactate, and malate was 
1.3, 1.2 and 1.0 respectively. 

Safety of sodium succinate. Since succinate is a normally occurring inter- 
mediate substance in metabolism, the possibility of toxic side reactions from its 
use could be discounted in advance. But, for the sake of completeness, some 
normal rats were subjected to extremely large doses. 600 mgm. of sodium suc- 
cinate per 100 grams body weight were injected intramuscularly in 8 rats. This 
was 6 times the largest amount we had used to counteract toxic doses of barbi- 
turate and 12 times the largest amount we had used to shorten the duration of 
anesthesia. It was equivalent to a dose of 420 grams to a 70 kgm. man, and was 
the largest amount it was practical to give intramuscularly in the rat from the 
standpoint of volume and concentration. It was necessary to administer the 
total amount in 6 divided doses; 200 mgm. in 1 cc. distilled water into each hind 
leg, three times at 20 minutes intervals. 

The animals were sacrificed 24 hours later, at which time they appeared per- 
fectly normal. Post-mortem examination revealed no gross abnormality in any 
tissue or organ. Histological examination of sections of the kidneys and livers 
stained with hematoxylin-eosin, did not disclose any pathological changes in 
the kidneys, but did present an appearance of the hepatic tissue which it was 
difficult to interpret. However, when sections of the liver were stained for 
glycogen with the Best carmine stain, they showed unusually rich deposits of 
glycogen sufficient to account for the findings with the other stain. Chemical 
analysis of the livers supported the microscopic findings, and revealed amounts 
of glycogen up to 7%. It may be concluded that there is no evidence that even 
extremely large amounts of succinate exert any harmful influence. 

Species difference in the succinate effect, and the successful use of 

SUCCINATE IN A CASE OF BARBITURATE POISONING OF A HUMAN. The effective- 
ness in one species of animal of a procedure such as has been described is, of 
course no guarantee of its therapeutic possibilities in another species. For 
example, in a small number of tests on normal dogs anesthetized with nembutal, 
we were unable to demonstrate any striking effects of succinate in doses com- 
parable to those used in rats. When, however, we tested succinate on abdom- 
inally eviscerated dogs, it was at least as effective as in normal rats. It seems 
probable that the liver of the dog is capable of disposing of large quantities of 
succinate, and that therapeutically effective doses of succinate for the normal 
dog would have to be much larger than for the rat. In view of this it is of value 
to report that, in a case of barbiturate poisoning of a human which hnppened 
to become available to us, the use of sodium succinate appeared to be of benefit. 

The individual concerned was a 63 year old woman, weighing 110 pounds, 
who had taken an estimated 3.5 grams of barbiturates in the forms of Seconal 
and Allonal. The drugs were taken in the evening; vigorous treatment was 
begun the following morning. The treatment included large amounts of picro- 
toxin, totalling 1083 mgm. by the morning of the third day. However, at tins 
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time the patient was still deeply comatose and the case appeared rather hopeless. 
It was then felt justified to discontinue orthodox treatment and to try sodium 
succinate as a last resort. During the next 5 hours, 22 grams of sodium succi- 
nate was injected intravenously, as a 10% aqueous solution. By the end of 
this procedure the patient was awake and responded to visual and auditory stim- 
uli. She went on to complete recovery w ithout further treatment. 

It is not implied that this single human case proves anything. But it does sug- 
gest that the results obtained on the rat arc applicable to man, and that further 
work with human matenal is indicated. 

SUMMARY AND CONCLUSIONS 

1. It has been shown that sodium succinate is a safe and effective antidote 
against toxic doses of nembutal in rats For best results it should be given 
intravenously after the barbiturate has been administered; if given prophylacti- 
cally before the barbiturate, it may be injected intramuscularly or intrave- 
nously. 

2. Sodium succinate has also been shown to shorten the duration of both 
nembutal and sodium nmytai anesthesia in rats, the degree of shortening de- 
pending upon the dose of succinate given. For this purpose, the succinate may 
be administered intramuscularly or intravenously after tlfe anesthesia has been 
induced. 

3. Glucose, sodium lactate and sodium malatc were also tested, and did not 
produce effects comparable to succinate. 

4. A case of barbiturate poisoning in a human is described, in which the use of 
Eodium succinate appeared to be of great benefit 

5. Further w ork on human subjects should be done to establish : (a) the possi- 
bility of rendering routine intravenous barbiturate anesthesia a safe and practical 
procedure by the prophylactic use of sodium succinate (b) the possibility of 
terminating intravenous barbiturate anesthesia at will, by adequate treatment 
with sodium succinate after the induction of anesthesia (c) the value of sodium 
succinate in barbiturate poisoning. 
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The chronic toxicity of the sulfonamides for the rat has been studied by a 
number of workers, who have shown that sulfanilamide (1), sulfapyridine (2), 
sulfathiazole (2, 3), sulfaguanidine (4, 5), and sulfnsuxidine (6) inhibit growth. 
In addition to such well known effects as stones in the bladder and damage to 
the kidney, and as particularly associated with sulfanilamide, anemia and meth- 
emoglobinemia, other lesions have been described including an eosinophilic 
interstitial myocarditis (7), thyroid enlargement and hyperemia (8), hyaline 
sclerosis and calcification of the blood vessels and voluntary muscles, agranulocy- 
tosis, and dermatitis (9, 10, 11). 

The toxicity of thg sulfonamides is reduced by a number of substances. In 
the case of rats on a low protein diet (7%), raising the protein to 30% or adding 
0.5% methionine and 0.1% cystine reduced the mortality due to sulfanilamide 
(12). This result is at least partly explained by the finding that increased pro- 
tein intake is associated with increased urinary secretion, and therefore with 
lower blood levels of the dmg (13); the addition of the amino acids also lowered 
the concentration of drug in the blood (12). 

This type of physiological explanation, however, does not seem to cover the 
other known cases of antagonism. Thus for rats on 18% casein diets (5), small 
amounts of liver extract or of p-aminobenzoic acid, even when injected subcu- 
taneously, antagonized sulfaguanidine (0.5% in diet). Sulfasuxidine (1% in 
diet) was also antagonized by liver extract, but not by p-aminobenzoic acid (6); 
it was not toxic when incorporated in a commercial chow which presumably 
contained meat. Biotin (10) markedly increased the span of life of rats on a 
purified diet containing 18% of casein and 1% of sulfaguanidine, though it was 
unable to prevent the development of various blood vessel lesions. It also cured 
the dermatitis which developed when such animals were saved from death by 
the administration of liver extract over long periods of time. Also, it has been 
shown (14) that yeast extract or dried rat feces can increase the rate of growth 
of rats partially inhibited by sulfaguanidine. 

It has been suggested (5, 14) in explanation of the foregoing that sulfaguani- 
dine, and also sulfasuxidine, act primarily upon the intestinal flora, thus prevent- 
ing the synthesis of vitamins essential to the rat, and, indeed, it was shown that 
a liypoprothrombinemia was induced which could be cured by the administration 

1 Non- on active duty, M. C'., U. S. A. 
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of vitamin K Also, p aminobenzoic acid (15) and methionine (16, 17) are 
sulfonamide antagonists m bacteria However, the fact that p aminobenzoic 
acid does not antagonize sulfasuxidme argues that other factors must be at 
work, such as the direct action of the drugs upon the tissues of the animals 

With the foregoing as a general background, we wish to present our data per- 
taining to the relative chronic toxicity of the various sulfonamides when these 
aie exhibited m the rat at blood levels commonly employed m medical practice 
Such data are not in the literature, partly because most workers hav e tested but 
a single drug at a time, partly because the blood le\ el of the drug in question 
was not determined during the course of the experiment 

From what has been said, it is obvious that any determination of the relative 
chronic toxicitj is necessarily true onl} for the diet actually employed m its 
determination We ha\e therefore tested a number of drugs incorporated in 
two different t> pes of diet, the protein content remaining approximately con 
stant Both the food consumption and the gain m weight of young rats have 
been followed because these seem to be the most sensiti\e criteria available 
Such data may be of interest from the pediatric point of view Furthermore, 
the usual toxic manifestations of the sulfonamides observed clinically are of the 
mild rather than of the senousl} acute t j pe 

Methods White rata of the Vanderbilt strain, about 4 5 weeks old, weighing 50-70 
grams were kept in individual wire cages Water was provided ad libitum The food con 
sumption was determined daily, when necessary, by weighing the earthenware food cups 
(or special metal cups) placed in each cage The food consisted of either Purina dog chow 
(Checkers) ground to a powder, or a purified diet In either case the sulfonamides were 
administered bj mixing them intimately with the food Both diets supported growth well 
According to the manufacturer, Purina chow contains protein 22 5% fat 5 5%, carbohydrate 
50 25% fiber 3 75%, and ash 7 7% The purified diet contained Labco casern 25%, Wesson 
oil 8% sucrose 60%, and salts 7% To each kilo of purified diet there were added the fol 
lowing supplements choline chloride 500 mgra calcium pantothenate 40 mgm riboflavin 
5 mgm thiamin chlondc 2 5 mgm , pyridoxin 2 5 mgm vitamin K 1 25 mgm In addition 
each rat on the purified diet received by mouth three times a week one drop of wheat germ 
oil (Squibb) and one drop of Mead's blended oil 

In the paired feeding experiments the animals were arranged in pairs The experimental 
animal received the sulfonamide containing diet ad libitum the food consumption for each 
day being noted The food cup of the control animal received each day, of food containing 
no sulfonamide, only as manj grams aa the experimental animal had consumed the day 
before 

Blood sulfonamide levels were determined from tail blood drawn between 1 and 4pm, 
using the method of Bratton and Marshall (18) The level was taken as the difference 
between the experimental and the controls Hemoglobin determinations were done accord 
mg to Evelyn and Malloy (19) By total hemoglobin is meant the sum of the hemoglobin, 
oxyhemoglobin, methcmoglobin, and sulfhemoglobm The total hemoglobin was not re 
duced bj more than 20% in an> case 

Experimental results Results ivilh commercial chow The rate of glow th 
as a function of time w as approximately linear for about 50 days in the case of 
the males fed commercial chow, with or without sulfonamide In the ca^e of 
the females, the relationship was somewhat curvilinear We estimated the rate 
of giovvth in either case bj determining the numbei of days required for the 
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males to gain 100 grams, and the females to gain 70 grams. In table 1 the rale 
of growth is given as a percentage of the control rate. Two types of control were 
employed, one fed ad libitum, the other paired-fed. The controls were always 
run simultaneously with the experimentals. 

As seen in figure 1, 1% sulfanilamide is slightly less toxic than 1% sulfathia- 
zole, although its total level in the blood of 16.8 mg.% (determined on the 43 day) 
was twice that of the sulfathiazole. These and additional data are presented in 
table 1 (groups 1, 2, 5, G, and 9). The table also shows that sulfathiazole is not 

TABLE 1 

In almost all cases, the control animals gained from 3 to 1.5 grams per day, depending 
upon their sex and age. The growth rate of the experimental animals >b stated as a per- 
centage of the controls: 100 X (days for male controls to gain 100 grams, or females to gain 
70)/(days for experimentals to gain the same amount). 


GXOD? AST) 
DIET 

SEX AST) 

mruBER 

DRUG 

BLOOD LEVEL 

GROWTH JUTE 

TOOD COV- 
SDVPTI0N 

Free 

To til 

% ad lib. 
control 

% paired* 
fed control 





mtm.% 

tn (tn.% 



% control 

l 

cf 

(7) 

1% SA 

12.8 

16.8 

61 


80} 

2 

9 

(7) 

1% SA 

13.7 


62 


89 

3 

d " 

(5) 

0.1% ST 


1.5 




4 

d" 

(5) 

0.3% ST 


3.1 

91 



5 

o' 

(7) 

1% ST 

6.1 

8.2 

53 


73 

6 

9 

U) 

1% ST 

7.5 

7.7 

56 


76 

7 

o' 

(S) 

1.0% ST 

5.7 

6.6 




8 

9 

(8) 

1.0% ST 

5.8 

6.7 




9 

c? 

(5) 

1% ST 



68* 


79 

10 

o' 

(8) 

1% SG 

2.9 

3.7 



113 

11 

9 

(8) 

1% SG 

2.9 

3.0 

132 


120 

12 


(5) 

1% SG 





95 

13 

a" 

(5) 

0 25% SD 

8.0 

8.0 

113 . 



11 

o’ 

(5) 

0.8% SD 

23.0 

22.5 

1 

61 i 

i 




* Based on the time to gain 50 grams. 

t That a 20% reduction in food consumption is associated with 10% reduction in growth 
rate is explained by the fact that the animal must cat most of his food to avoid losing 
weight. 

inhibitory until the dietary level is above 0.3% and the blood level above 3 mg.% 
(groups 3 and 4). Since the food consumption of the inhibited animals was less 
than that of the controls by as much as 25% (table 1), a paired-feeding experi- 
ment was done to determine whether food consumption per se was the limiting 
factor. This was found to be the case, as seen in figure 2, and in table 1, groups 
7 and 8. 

To determine the possible influence of p-aminobenzoic acid, 4 males were fed 
chow containing 1% sulfathiazole and compared with 4 fed chow containing 1% 
sulfathiazole plus 1% p-aminobenzoic acid. It was found that the mean time 
to gain 100 grams for the p-aminobenzoic acid group was 42 days, for the sulfa- 
thiazole controls 44.5, a difference of G%, which was not significant. 
















Fw. 1. G«K in Weight of Male Rats Fed Commercial Chow Containing 1% of 
Sulfanilamide or of Sulfathiazole 
The blood level of drug 13 indicated in the table 



Fig. 2. Ciu\ in Weight of Male Rats Fed Commercial Chow Containing 1% of 
Sulf athi azole (Dots with Standard Errors) 

TH... I 1 1 . i’ . r I _ . J r -» , -* i. 


than the other three animals which continued to receive the diug 
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In the case of sulfaguanidine at a level of 1% in the diet, resulting in a total 
blood level of 3-4 mg.%, an increase in the rate of growth accompanied by in- 
creased food consumption was noted in rats from one pooling of litters (groups 
10 and 11), while in those from another pooling there was no effect (group 12). 

Sulfadiazine fed at a dietary level of 0.25% resulted in a blood level of 8 
mgm.% and a slightly increased rate of growth. At a dietary level of 0.8% 
and a blood level of 22.5 mgm.%, the growth rate was 61% of the ad librium 
control, and 100% of the paired-fed control. Here again the food consumption 
was the limiting factor in growth. 

We may summarize these results as follows. 

1 . The inhibition of growth results from decreased food consumption, and not 
from a decrease in the efficiency of utilization of ingested food. p-Aminobenzoic 
acid does not antagonize the inhibition. Consequently, the inhibitory actions 
of the sulfonamides under these conditions may involve nothing more than an 
inhibition of the centers controlling appetite. 

2. At a given dietary level, sulfadiazine produces the highest blood levels, 
followed by sulfanilamide, sulfathiazole, and sulfaguanidine. In general, less 
that 25% of the total blood level is acetylated. 

8. On the basis of total blood levels, sulfaguanidine at 3-4 mgm.% (1.4-1 .9 
X 10~ 4 M) and sulfadiazine at 8 mgm.% (3.2 X 10 -4 M) are non-toxic; sulfathia- 
zole at 6.5-8 mgm.% (2.6-3. 2 X 10 -, M) is slightly more toxic than sulfanilamide 
at 17 mgm.% (1 X 10~ 3 M) and sulfadiazine at 23 mgm.% (9.2 X 10~ 4 M). A 
similar difference between sulfathiazole and sulfadiazine was reported by Fein- 
stone cl al. (3). 

Results vnlh purified diet. It will be recalled that the inhibitions observed with 
the commercial chow were relatively constant, particularly in the males, during 
a period of 45 days (fig. 1). On the purified diet, however, three phases may be 
observed (fig. 3): indudion, during which the inhibition first appears and grows; 
fixation, during which the inhibition is constant and the animal may even lose 
weight; and escape, during which the inhibition decreases markedly. To evalu- 
ate the relative toxicity of the drugs, each phase must be taken into considera- 
tion: induction, sulfaguanidine acts most rapidly; fixation, all drugs brought 
the weekly gain in weight to less than 5 grams; escape, both the low sulfathiazole 
and the low sulfaguanidine escaped. All things considered, on the basis of 
dietary level, sulfathiazole is the least toxic, while sulfadiazine is the most toxic. 
On the basis of the blood level, sulfaguanidine is the most toxic. Furthermore, 
sulfaguanidine is more toxic than sulfathiazole on the basis of either blood level 
or dietary level. On the 49th day, two of three animals on 1% sulfaguanidine 
had red encrustations on their noses, and one was quite dirty. All of the animals 
on 1% sulfathiazole seemed to be in better condition and were slowly gaining 
weight. This order of toxicity is different from that obtained with commercial 
chow and shows that the relative toxicity depends on the diet. 

Antagonism by fcccs. The recent report by Light d al. (14) that the addition 
of feces to the diet increased the rate of growth of rats on a ration containing 
sulfaguanidine led us to the following experiment. Each group of six animals 
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which had been on a drug diet for 23-29 da\s was split into two subgroups of 
three One subgroup continued on the drug diet as before, members of the 
other received the drug diet plus about 200 mgm drj weight of feces, which 
were mixed in the food cup each daj The feces were collected each morning 
from the papers beneath the wire floors of the cages housing animals fed drug 
free purified ration, and were prepared bj pulverizing after drying at 90°C for 
24 hours The addition of the feces to the diet began a day or so following the 
first sulfonamide blood level analysis, indicated b> the arrows in figure 3 



Fio 3 Gain in Weight of Male Rats on a Purified Diet 

. r - • ' ", and the solid 

of ■ ms times both 

fre< . of each graph 

8ta 

The data in table 2 show the striking effects that w ere obtained In every case 
the addition of feces markedlj increased the gam in w eight and was accompanied 
bj increased food consumption, and this effect was noticed before the end of the 
find w cek The full effect, how ev er, w as not seen in those animals wdiose grow th 
had been stopped complete!}, or almost so, until the second and third weeks 
Thus in the case of 0 15% SD, the animals receiving feces gained 27 5 grams 
during the second week, w hercas those not receii mg feces lost 1 3 grams During 
this period the controls on drug free diet were gaming 25-30 grams a w eek This 
establishes bej ond question that the feces actually antagonize the drugs Al 
though Light el al (14) concluded this to be the case, then data onl} suggested 
this conclusion The} found that animals on a drug free purified ration gained 
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83 grams in 4 weeks, those receiving sulfaguanidine gained 75% as much, and 
those receiving drug and feces gained 124% as much. Such data equally well 
could be interpreted to mean that the rate of growth was limited by the diet 
itself, and the addition of feces provided a useful supplement. 

Table 2 also proves that the increase in growth due to the addition of feces was 
not the result of a lowered blood level of sulfonamide, a factor not previously 
considered. In no group was the mean blood level lower in the animals receiving 
feces, and in about half the groups it was somewhat higher. Although the num- 
ber of animals in each group was small, the complete agreement makes the result 
significant. 


TABLE 2 

The effect of the addition of feces to the diet 


Feces were added to the ST and SG diets starting on the thirtieth day, and to the SD 
diet starting on the twenty-fourth day. The daily dose was about 200 mg., dry weight. 


DStJG IN DIET 

teces 

no. or 

ANI- 

HALS 

days 

■WEIGHT - GAINED 

DAYS 

WEICirr CAINED 

SUUTONAUIDE IN 
BLOOD 

Free 

Total 





trams 


trams 

rtjrn. % 

nrm. Co 

1 % ST 

- 

3 

29-35 

-3 ±1.52 

43-49 

+2 ±5.5 

5.0 

6.1 

1% ST 

+ 

3 

29-35 

+4.3 ±1.8 

43-49 

+18.7 ±2.7 

7.5 

8.7 

0.25% ST 

— 

3 

29-35 

+18 ±3.8 

43-49 

+14.3 ±2.9 

1.7 

1.7 

0.25% ST 

+ 

3 

29-35 

+31 ±3 

43-49 

+31 ±8.2 

2.2 

2.1 

0.5% SD 


3 

□ 

+2.3 ±2.33 

31-37 




0.5% SD 

+ 

2 

121 

+14.5 ±2 

31-37 

g] E Hi 



0.15% SD 


3 

24-30 

+5.7 ±1.2 

31-37 




0.15% SD 

+ 

2 

24-30 

+12 ±2 

31-37 




1% SG 


3 

28-35 

-4.7 ±0 88 

43-49 

+ .7 ±1.8 

3.4 

4.3 

1% SG 

+ 

3 

28-35 

+7 ±2.1 

43-49 

+22.7 ±4.9 

4.7 

5.6 

0.25% SG 

— 

3 

28-35 


43-49 

+14 ±6 25 

0.5 

0.9 

0.25% SG 

+ 

3 

28-35 

+8.3 ±5.3 | 

43-49 

+17 ±5.2 

0.5 

1.0 


* Controls gained 30 grams during 29-35 days and ate S' grams. 


The question of whether these results prove the sulfonamides are toxic chiefly 
by virtue of their action upon the intestinal flora still remains, in our opinion, 
an open one. It has not yet been established in the rat that normally the intes- 
tinal flora release significant amounts of dietary essentials (other than K and 
probably biotin) which are absorbed. It should also be recalled that Welch (6) 
failed to antagonize sulfasuxidine with p-aminobenzoic acid, and we failed using 
sulfathiazole. Furthermore, the relative order of toxicity of the sulfonamides 
for the rat does not correspond to their effectiveness in reducing the coliform 
count of the stools in mice (the only species for which it has been determined). 
Using adult mice fed Wayne Fox Chow containing 1% sulfonamide, White (20) 
found sulfadiazine to be somewhat more active than sulfathiazole, which was 
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twice as active as sulfaguanidine. Sulfanilamide was without effect. These 
results check with neither our Purina chow nor purified ration series. 

SUMMARY 

1. Young rats were fed diets containing the various sulfonamides, and their 
rate of growth, food consumption and blood drug-level were determined. 

2. When the diet was a commercial chow, the following data were obtained. 
Sulfaguanidine at a total blood level of 3-4 mgm.% (1.4-1. 9 X lO^M) and sulfa- 
diazine at 8 mgm.% (3.2 X 1(HM) did not inhibit. Sulfathiazole at 0.5-8 
mgm.% (2.0-3.2 X 10~ 4 M) inhibited the rate of growth by 45%, sulfanilamide 
at 17 mgm.% (1 X UHM) by 37%, and sulfadiazine at 23 mgm.% (9.2 X 
10~ 4 M) by 40%. It was proved by paired-feeding experiments that the sulfa- 
thiazole and sulfadiazine inhibitions were due to the decrease in food consump- 
tion. p-Aminobenzoic acid failed to antagonize sulfathiazole 

3. When the diet was a purified ration , the source of protein being casein, all 
of the drugs were much more toxic. The blood levels listed above under 2 were 
able to bring the weekly gain in weight to less than 5 grams (compared to 25-30 
grams for the controls) after about 2 weeks on the diet. 

4. Sulfathiazole at 2 mgm.% (total blood level) and sulfaguanidine at 1 
mgm.% were unable to maintain the inhibitions they had induced, and after a 
variable period these animals, which had stopped, or almost stopped growing 
achieved half the normal rate of growth. 

5. On the basis of dietary level, sulfadiazine is the most toxic, and sulfathiazole 
the least. On the basis of the blood level, sulfaguanidine is the most toxic. 
Hence the relative order of toxicity of sulfathiazole, sulfaguanidine, and sulfa- 
diazine changes with the diet, as shown by comparing these data with those 
under 2. 

6. The daily addition to the diet of about 200 mgm. of dry feces from drug free 
animals produces a striking increase in the rate of growth of animals completely 
inhibited by the sulfonamides. This effect is not due to a decrease in the blood 
level of sulfonamide. 

We wish to thank the Lederle Laboratories for a gift of sulfadiazine and 
sulfaguanidine. 
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What happens to the ointment when rabbet! into the skin? Does it act as a 
food so to speak, for the skin? Is it really absorbed? Is it metabolized? These 
questions have engaged the interest of many investigators from time to time. 
However, absorption was often confused with penetration and the conclusions 
drawn by the different workers were contradictory, mainly due to the use of 
different methods and choice of different test objects. 

Oppenheim (1) stated that there is no local influence on the skin the sense of 
nutritive ointments. Jolles (2) wrote that locally applied fats, according to some 
authors, are absorbed by the blood or lymph stream. Miyazaki (3) thought, 
that the entire skin absorbs and that adeps suillus, lanolin, olive oil and petro- 
latum are absorbed. Moser and Wernli (4) found relatively large amounts of 
fatty acids in the urine after percutaneous application, which suggested absorp- 
tion of fats. Latzel and Steyskal (5) went further and attempted to provide 
patients in whom the oral feeding was difficult, with the necessary calories 
through the skin in form of fat, protein and carbohydrate inunction. Their 
claimed results were much disputed. Wintemitz and Naumann (6) found that 
the absorption of fats is below 1/1500 of the applied amount, which makes the 
nutrition through the skin very problematic. Bernard and Strauch (7) were of 
the same opinion and found that hydrocarbons are entirely unabsorbable. It 
was pointed out by these workers that the disappearance of the ointment from 
the skin surface does not necessarily mean absorption, for it may penetrate into 
the skm by a process which is for the most part emulsification and from here only 
very minute amounts may be absorbed; however the largest part is wiped off. 
This view is most generally accepted. 

The dermatologist is not so much interested in the absorption of a base, which 
is of little practical importance to him, but in the penetration of it. It is there- 
fore not surprising that the first report on this subject came from a dermatol- 
ogist. Working in Unna’s laboratories, Sutton (8) in the year 1906 reported 
that he found almost no penetration of lanolin and petrolatum, but good penetra- 
tion of goose grease after four hours in the skin of rabbits. Unna and Frey (9) 
in 1929 made experiments on guinea pigs. They incorporated india ink into 
various bases, rubbed these into the skin and examined the penetration in 
microscopic sections. They found no penetration of petrolatum but some 

* From a thesis submitted to the Graduate Faculty of the University of Minnesota in 
partial fulfillment for the degree of Master of Science m Dermatology and Syphilology, in 
March 1942 
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penetration of water-in-oil (w/o) emulsions. As india ink is not soluble in the 
bases used, their experiments were interesting but not conclusive. A much bet- 
ter method for the study of penetration was recommended by Bauschinger (10) 
in 1938 who incorporated into the bases to be examined a fat- or water-soluble 
dye depending upon the kind of base. The penetration of the dye is a measure 
for the ointment penetration, as the oil-soluble dye forms a unit with the fatty 
medium and the water soluble, with the watery medium. This method or modif- 
ications of it have subsequently been widely used. 

Eller and Wolff (11) in 1939 applied olive oil, cocoa butter, cold liver oil and 
hydrous wool fat and liquid petrolatum and petrolatum to the backs of six mature 
albino rabbits, which were clipped prior to the application of the test material. 
Biopsies were performed after two, four and six hours and the frozen sections 
were stained with Sudan IV. They found that fats permeate the skin along 
the hairshafts and into the oil gland ducts and that liquid fats permeate the skin 
more rapidly that solid ones. It was further shown that animal fats had the 
greatest depth of penetration, with vegetable fats next and mineral fats last. 
Most of the fats showed optimum penetration between four and six hours after 
application. Duemling (12), who also used rabbits, employed a similar method 
in determining the penetration of ointments to which wetting agents were added. 
He found a remarkable penetration of the fatty substance almost to the base of 
the hair follicle, even after 15 minutes. After one hour the fat had completely 
disappeared from the superficial portions of the subcutaneous areas but was still 
present in the deepest portion of the specimen. Harry (13) used for his experi- 
ments human post-mortem material, the skin of rats and checked some of his 
findings on the skin of a human leg prior to amputation. 

Almost all these experiments were done on animal skin and do not necessarily 
apply to the living human skin. Most of the experiments were done on rabbits, 
which are not very satisfactory for this purpose, on account of the large sebaceous 
glands in the skin and the slender margin of its keratinous protective layer. 
Moreoever one must bear in mind, that shaving, depilation or even clipping may 
have changed the normal impermeability of the skin. 

It seemed therefore worthwhile to reinvestigate the penetration of ointment 
bases using only human skin. 

Experimental methods. All experiments were done on human akin only. Every 
experiment was repented at least four times. In order to determine whether the penetra- 
tion of the base varies with the age of the individual, the studies were done on three groups 
of individuals: Group A, whose ages ranged from 5 to 15 years; Group B, whose ages were 
between 20 and 50 years; Group C, wiiosc ages were between 55 and 70 years. Half the indi- 
viduals were males and half females. The following substances were tested: (1) Lard, 
(2) Cod liver oil, (3) Olive oil, (4) Petrolatum, (5) Vaseline (Chcscbrough), (G) Lanolin, 
(7) Water-in-oil emulsions (w/o), including: (a) Petrolatum and lanolin to equal parts, 
(b) “Aquaphor,” a base consisting of G per cent of a group or esters of cholesterol in an 
aliphatic hydrocarbon base.* (c) Petrolatum and 5% cetyl alcohol. 


■ Furnished by Puke Laboratories, Inc., Stamford, Conn. 
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(d) Mannide monooleate 10%’ 

ceresm wax 10% 

petrolatum light 15% 

mineral oil 45% 

lanolin 20% 

(e) “Hydroaorb,” a base consisting of oleic acid esters and amide of diethanolamine, 
oleic acid and white petrolatum 4 

(8) Oil m water emulsions (o/w), including (a) Rose water ointment U S P 

(b) Lecithin 5 0 

petrolatum 45 0 

water 50 0 

(c) Stearyl alcohol 10 0 

water 10 0 

mineral oil 10 0 

petrolatum 70 0 

(d) Liquid petrolatum 56 0 

peanut oil 3 0 

triethanolamine 2 0 

stearic acid 4 0 

cetyl alcohol 3 0 

water 72 0 


Sudan IV was added to the oils, fata, hydrocarbons and emulsions where it was desired to 
follow the oily phase, in quantities enough to give the ointment a deep red color A water 
soluble dye, such as methylene blue or trypan blue, was added where it was desired to follow 
the aqueous phase In every case the dye was thoroughly mixed with the ointment 

Technique One gram of each ointment w as applied by means of a glass spatula to the 
skin of the anterior aspect of the thigh, forearms, back or abdomen Only such massage as 
was necessary to Bpread the ointment with the spatula over the skin area, was used The 
areas (3x3 inches) were not covered and precautions were taken, especially in children, 
that the ointments were not rubbed ofT or massaged in by the individual Biopsies were 
performed after 15 and 30 minutes, 1,2,4, 6, 12 and even after 24 hours in some Cases Block 
anesthesia (1% procaine) was used in every case and the skin area as such was not touched 
at all After the biopsies were performed by means of a punch, the wounds w ere thoroughly 
nnsed with antiseptics and dressed Only once was there even a slight infection of the 
biopsy wound 

The technique used for the determination of the fat penetration is similar to the one used 
by Eller and Wolff (11) and Duemling (12) with the exception that the dyes were added to 
the bases and that every fifth to tenth section was stained with Nile blue sulfate 

Preliminary experiments were done m which symmetric untreated areas were used as 
controls This was necessary to become familiar with the variation of the normal fat 
content in and around the different structures of the skin and to study the possible objection 
to the technique, namely that the stained areas observed were actually the ointment bases 
and did not represent the penetration of the dye itself It must be admitted that the pene- 
tration of the incorporated dje caused some confusion at the beginning, especially in the 
sebaceous glandB, but it was soon found that the color of the particles of the base was con 
sidcrably darker than the areas stained by the dye, w hich penetrated from the base Coun- 
ter staining with Nile blue sulfate was very helpful, since the particles of the ointment base 
represented themselves as little globules of reddish orange color, while the normal fat was 
stained red 

No fat was ever found along the hairshaft, hairbulb and around the sweat or sebaceous 


* Furnished by Wm S Mcrrell Corap , Cincinnati, Ohio 
4 Furnished bj Abbott Laboratories, North Chicago, 111 
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penetration of water-in-oil (w/o) emulsions. As india ink is not soluble in the 
bases used, their experiments were interesting but not conclusive. A much bet- 
ter method for the study of penetration was recommended by Bauschinger (10) 
in 1938 who incorporated into the bases to be examined a fat- or water-soluble 
dye depending upon the kind of base. The penetration of the dye is a measure 
for the ointment penetration, as the oil-soluble dye forms a unit with the fatty 
medium and the water soluble, with the watery medium. This method or modif- 
ications of it have subsequently been widely used. 

Eller and Wolff (11) in 1939 applied olive oil, cocoa butter, cold liver oil and 
hydrous wool fat and liquid petrolatum and petrolatum to the backs of six mature 
albino rabbits, which were clipped prior to the application of the test material. 
Biopsies were performed after two, four and six hours and the frozen sections 
were stained with Sudan IV. They found that fats permeate the skin along 
the hairshafts and into the oil gland ducts and that liquid fats permeate the skin 
more rapidly that solid ones. It was further shown that animal fats had the 
greatest depth of penetration, with vegetable fats next and mineral fats last. 
Most of the fats showed optimum penetration between four and six hours after 
application. Duemling (12), who also used rabbits, employed a similar method 
in determining the penetration of ointments to which wetting agents were added. 
He found a remarkable penetration of the fatty substance almost to the base of 
the hair follicle, even after 15 minutes. After one hour the fat had completely 
disappeared from the superficial portions of the subcutaneous areas but was still 
present in the deepest portion of the specimen. Harry' (13) used for his experi- 
ments human post-mortem material, the skin of rats and checked some of his 
findings on the skin of a human leg prior to amputation. 

Almost all these experiments were done on animal skin and do not necessarily 
apply to the living human skin. Most of the experiments were done on rabbits, 
which are not very' satisfactory' for this purpose, on account of the large sebaceous 
glands in the skin and the slender margin of its keratinous protective lay'er. 
Moreoever one must bear in mind, that shaving, depilation or even clipping may 
have changed the normal impermeability of the skin. 

It seemed therefore worthwhile to reinvestigate the penetration of ointment 
bases using only human skin. 

Experimental methods. All experiments were done on human skin only. Every 
experiment was repented at least four times In order to determine whether the penetra- 
tion of the base varies with the age of the individual, the studies were done on three groups 
of individuals: Group A, whoso ages ranged from 5 to 35 years; Group B, whoso ages were 
between 20 and 50 years; Group C, whose ages were between 55 and 70 years. Half the indi- 
viduals were males and half females. The following substances were tested: (1) Lard, 
(2) Cod liver oil, (3) Olive oil, (4) Petrolatum, (5) Vaseline (Chcscbrough), (G) Lanolin, 
(7) Water-in-oil emulsions (w/o), including’ (a) Petrolatum and lanolin to equal parts, 
(b) "Aquapbor," a base consisting of 6 per cent of a group of esters of cholesterol in an 
aliphatic hydrocarbon base.* (c) Petrolatum and 5 % cetyl alcohol. 


5 Furnished by Duke Laboratories, Inc., Stamford, Conn. 
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dividuals. The speed of penetration decreases Avith the age. For this I have no 
good explanation except that the tonus and the metabolism, which also decreases 
with the.age, may be paitly lesponsible. There is no penetration through the 
stratum corneum. The ointment were never found deeper than the upper looser 
layer of the stratum corneum and this is certainly only due to mechanical effect 
of spreading the ointment on the skin. This confirms the observations made by 
Eller and Wolff (11), Harry (13) and Miescher (14) and is definitely contrary to 
tlnna’s conception. He advocated the theory that fats, especially when they 
are emulsified, will penetrate through the skin. Unna (15) believed that the 
cells of the epidermis contain esters of oleic acid and argued that the fatty oint- 
ment bases will emulsify with these esters and penetrate from cell layer to cell 
layer, through the entire epidermis until it reaches the corium. However, he 
was never able to present convincing proof for his theory, which was based 
on the assumption that the dark particles in the epidermis, especially in the basal 
cell layer, which he saw* after staining with osmic acid, were oleic acid. Patzelt 
(16), however, w r as able to prove that Unna’s assumption was incorrect. He 
showed that Unna’s findings with osmic acid could be obtained even after the 
skin was completely defatted and that staining with Sudan, which is specific 
for esters of fatty acids, even using a special technique, gave completely negative 
results. It was further pointed out by Patzelt that staining fat with osmium 
depends only on chemical reduction and therefore cannot be considered as a 
specific test, as long as other important criteria are lacking. 

Therefore one cannot speak of a fat content in the stratum corneum, at least 
not in the sense that substances with the physical properties of fats occur as an 
integral part in the cells of the stratum corneum and around the sweat pores as 
deposits of products from the sebum and sweat secretion. 

The bases penetrate only inside along the hairsliaft and into the sebaceous 
glands. I was unable to determine the further path of the penetration, namely 
from the sebaceous glands to the subcutis, where some of the different ointment 
bases eventually appear in the form of irregular conglomerated foreign masses. 

The relative intensity of the penetration of the different tested substances 
listed in the order from the best to the worst penetration, as revealed by this 
study is as follows: base No. 8 d (liquid petrolatum-peanut oil-triethanolamine- 
stearic acid-cetyl alcohol-water), “Aquaphor” (Duke) and “Hydrosorb” (Ab- 
bott) showed for all practical purposes the same penetration, then come lard, 
cod liver oil, stearyl alcohol-mineral oil-water-petrolatum, lanolin, base No. 7 d 
(Merrell), lecithin ointment, petrolatum and lanolin to equal parts, petrolatum 
plus five per cent cetyl alcohol, olive oil, rose water ointment, vaseline (Chese- 
brough) and petrolatum. 

Relation of the hydrogen ion concentration of the skin and the pH value of bases. 
The discussion of ointment bases as such would be incomplete without briefly 
considering their pH and their relation to the hydrogen ion concentration of 
the skin. 

We know since the work of Unna’s pupil Heuss (17), that the skin surface is 
acid. Sharlit and Scheer (18) found the pH of the surface of the skin, around 5.5. 
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Their findings Here confirmed by Memmesheimer (19), Schade and Marchionini 
(20) and others. Marchionini (21) showed later, that the skin in the axilla, in 
genital and rectal regions and under the breasts in females, is alkaline. , The pH 
values of the skin according to these investigators are between 3 and *5 for the 
skin suiface or stratum comeum, between 5.5 and 6.4 for the stratum gran- 
ulosum, between 6.7 and 6.9 for the stratum spinosum, between 7 and 7.4 for 
the stratum basale and betw een 7.4 and 7.5 for the cutis. It was further pointed 
out by Marchionini (22) that the acid reaction of the skin surface is the most 
important mechanism against bacterial growth. Alkaline reacting creams or 
ointments should therefore only be used in exceptional cases on the healthy skin 
otherwise, the most important bulwark against infection will be destroyed and 
the living condition for pathogenic organism be improved. 


TABLE 2 


BASES 

pH VALUE 

Lard (pooled) .. 

G.8 

Petrolatum (pooled) 

8 

Vaseline (Chcsebrough) 

7 

Lanolin (pooled) 

0.5 

Petrolatum-Lanolin to equal parts 

7.5 

Aquaphor (Duke) 

7 

Petrolatum plus 5% cetyl alcohol 

7.5 

Hydrosorb (Abbott) 

0 8 

Stearyl alcohol-watcr-mineral oil-petrol. 

7 8 

Rose water ointment USP. (pooled) 

Liquid petrolatum-peanut oil-triethanolamine stearic arid-cetyl nlco- 

0 5 

liol-watcr 

6 0 


Table 2 shows the pH values of the eleven bases which were used in the 
penetration study.® 


SUMMARY 

1. Experimental studies on the penetration of the following substances: lard, 
cod liver oil, olive oil, petrolatum, vaseline (Chcsebrough), lanolin, petrolatum 
and lanolin to equal parts, “Aquaphor” (Duke), petrolatum plus five per cent 
cetyl alcohol, a base consisting of mannide monooleate-cercsin wax-pctrolatum- 
mineral oil-lanolin, “Hydrosorb” (Abbott), rose water ointment USP., lecithin 
ointment, a base consisting of stearyl alcohol-mineral oil-water-petrolatum and 
a base consisting of liquid petiolatum-peanut oil-tricthnnolaminc-stcaric acid- 
cetyl alcohol and water, were reported. 

The relative intensity of the penetration into the normal human skin of the 
different test substances listed in the order from the best to the worst penetration, 
as levealed by this study is as follows: the base consisting of: liquid petrolatum- 

t I wish here to thank Dr George R Hazel from the Abbott Lab , Xorth-Clucago, 111 , 
for his kind help in determining the pH values. 
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peanut oil stenc acid triethanolamine acetyl alcohol and water, “Hjdrosorb” 
(Abbott), “Aquaplior” (Dulc), lard, cold liver oil, steary 1 alcohol mineral oil 
water petrolatum, lanolin, a base consisting of manmde monooleate ceresmvax 
petrolatum mineral oil lnnolin, lecithin ointment, petrolatum and lanolin to 
equal parts, petrolatum plus five per cent cetyl alcohol, oli\ e oil, rose water oint 
ment, \aselme (Chesebrough), and finally petrolatum as such 
2 The relation of the hydrogen ion concentration of the skin and the pH 
\ alucs of bases w as discussed and the pH a allies of 1 1 bases u«ed in this stud} are 
listed 
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The purpose of this investigation was to develop a relatively simple procedure 
for the biological assay of the oxytocic activity of posterior pituitary solutions 
which would permit an objective estimate of the reliability of each determina- 
tion. The study was deemed advisable because of the widely recognized fact 
that the method using the guinea pig uterus possesses many disadvantages. 
These disadvantages have been set forth by Morrell, Allmark, and Bachinski 
(1), who have evolved a new method which also employs the guinea pig uterus, 
but which is based on a quantal response. Their method is so designed that the 
error of each individual test may be computed. In the present investigation 
the problem was attacked by applying modem experimental design and analysis 
to the chicken blood pressure test for oxytocic activity reported by Coon (2) 
and later studied by Smith (3). 

Coon’s method is based on the fact, first reported by Paton and Watson (4), 
that the intravenous injection of posterior pituitary solution into the bird elicits 
an immediate, marked, and transitory fall in blood pressure. His procedure 
consists of injecting standard and unknown solutions alternately until doses 
of the two which produce equal falls of pressure are determined. Although the 
test possesses the advantages of relative simplicity and economy, two objections 
may be noted. First, the method leaves to the discretion of the assayistthe 
decision as to which responses may be considered equal. Fallsin pressurewhich 
are equal are unusual, and the interpretation is further complicated by tachy- 
phylaxis. The second objection is the difficulty of computing the experimental 
error of each assay. 

Experimental. Experiments calculated to elucidate the dose-response curve 
were carried out and the assay designed according to the precepts of Bliss and 
Marks (5, G). 

Three curves relating dose and response are shown in figure I. Analysis of 
the data upon which these and other similar curves are based showed that the 
response is linear, when plotted against the logarithm of the dose. The various 
curves do not differ significantly in slope, but the position of the curve varies 
with the sensitivity of the bird. 

The assay procedure as finally evolved is as follows. A white leghorn rooster 
is selected, anesthetized, set up for intravenous injection and the blood pressure 
recorded according to the directions of Coon (2). One cc. of L.S.P. standard 
posterior pituitary solution is diluted to 10 cc. with 0.9% NaCl solution, and 
the solution to be tested is diluted with the same diluent in such a manner that 
it is expected to be equal in potency to the diluted standard solution. The 
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dose of diluted standard solution which will produce a fall m blood pressure of 
approximately 20 mm Hg is determined, usually 0 10 cc db 0 05 cc This dose 
designated as the low dose of the standard (Si) and twice this amount is desig- 
nated as the high dose of the standard (S,) An amount of diluted unknown 
solution equal in \olume to the low' dose of the standard is the low dose of the 
unknown (t/j), and an amount equal in volume to the high dose of the standard 
is the high dose of the unknown (C/j) These four doses are each administered 
four times, making a total of sixteen injections, with a ten minute interval be- 
tween do^es The injection schedule is set up by assigning the \anous doses 
at random to a four by four latin square (5) When rapid de\ elopment of 
tachyphylaxis makes it apparent that the response to the low dose maj' soon 



Fia \ The Dose Response Curves oe Three White Leghorn Roosters Injected 
Intravenously with Posterior Pituitary Solution 
Each point represents the mean of four responses The curves were fitted by the method 
of least squares 

become so small as not to be measurable, the doses should be increased In 
doing so the relationship among the \anous doses as set forth above must be 
maintained, and also the doses can be changed only at the beginning of a group 
of four injections, i e , beginning with injections number 5, 9, or 13 If a clot 
forms in the cannula, and this complication may be expected not infrequently, 
the clot should be washed out, the last dose preceding the w ash out repeated and 
the response ignored Then the regular schedule of injections is resumed 
Each response as indicated by the fall m blood pressure is measured in milli- 
meters Protocols of a typical as^aj together with details of calculation are 
"hown in tables 1 to 4 

In table 3 the sum of the products is obtained by multipljing the totals, 
Vp, obtained from table 2, by the appropriate factorial coefficients and summing 
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the pioducts Tor example, the sum of the pioducts foi the difference between 
samples is calculated as 

S(x\p) = ( — 1>(57) 4* (-1)(127) + (+1)(70) + (+0(144) = 39 

The variance for the same treatment effect is calculated by squat ing the sum 
of the products and dividing by the corresponding divisor, thus 

,, S’CxPp) 3D 1 „„ 

Vananc<,= JVSM “To = 950G 
The standard deviation is then calculated ns 

Standard deviation = a/ \ anancc — \/95 00 = 9 75 

The corresponding values foi the other treatment effects, slope and paiallchsm 
are obtained similarly 

After the values in Table 3 me calculated, the potency is computed as 

,, 3010 D 

" = — B“* 

where If is the logarithm of the potency, 0 3010 is the logarithm of the ratio 
of the high dose to the low dose, and D and D aie taken directly from table 3 
Tor this example the potency is calculated as 

It = WT75) = 0870 
33 To 

Potency 

in = 100 (antilog M) ~ 100 (intilog 0 0870) = 122 
per cent 

The standard etror of ilf is calculated as 

50 3010 ViP + D» 

*" 25 ’ 

where s is the root mean square foi experimental error taken directly from the 
analysis of variance which follows (table 4) and the othei terms have the same 
significance as in the equation for determining iff Finally , the av cragc standard 
error of the relative potency is calculated by means of Cochran s formula 

s e of rclativ e potency in pci cent = 2 303 s<, (nntilog M) 100 
Substituting the values of the present example 

_ (3 047X0 3010) V iMl . 0 0283 wd 
1139 00 

k = (2 303 )(0 0283)(l 22) (100) = 80 
in per eent 

The estimated potency of the unknown is thcrcfoie 122% ± 8 0% of the stand 
ard, a figure which igioc-. with the tine potency, 1 17 0% 
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The degrees of freedom associated with each entrv in the analysis of \anance, 
table 4, arc obtained bj subtracting one from the number of the squaies enter 
ing a given sum Thus in the case of “doses ’ and“sets” the degrees of freedom 
are 4 — 1 = 3, and for the total sum of the squares 16 — 1 * 15 The degrees 
of freedom for experimental error are obtained bj subtracting those for “doses” 
and "sets * from the total as 15 — (3 + 3) = 9 For a sixteen dose assaj of this 
tjpe the degrees of freedom for each entrj remain constant 
The mean square for the experimental error is obtained bj dn ldmg the sum 
of the squares bj the degrees of freedom, and the root mean square for experi- 
mental error is the statistics, which was used for calculating the standard 
error of M 


TABLE 5 


Assays of solutions of hnoion potency 


ASSAY NCXBEK 

TIDE POTENCY 

POTENCY POUND 

STANDABD Et AO* 

ACTUAL EKtOI 

AS PEBCEffT Of 

TIDE POTENCY 


fer tent 

fer tint 

per t tnl 


1 

SO 

79 

5 2 

1 2 

2 

si 

73 

6 0 

9 9 

3 

111 

108 

6 5 

2 7 

4 

72 

78 

5 2 

8 3 

5 

94 

90 

0 0 

4 3 

6 

111 

no 

5 8 

1 0 

7 

75 

71 

7 7 

5 3 

8 

110 

130 

27 2 

18 2 

9 

118 

122 

7 9 

3 4 

10 

67 

79 

12 2 

17 9 

JJ 

1 

"n 

J> 9 J 

9 

12 

no j 

122 

11 7 j 

10 9 

13 1 

135 

126 

12 4 

6 7 

Mean j 

6 9 


Thirteen solutions of Known potency have been assaj cd and calculated m 
the same manner as the preceding example These known solutions were pre 
pared bv dilution of the U S P standard posterior pituitarj solution, and in 
each case the assayist was ignorant of the true potency until the results of the 
assaj had been calculated The data obtained in tlieso experiments are set 
forth in table 5 

Discussion In the method of calculation presented above ceitnin potential 
sources of \anation are ignored These are the influence of the height of the 
blood pressure immediately preceding a given lpsponsc and the influence of the 
size of the preceding dose Analysis of the data obtained m several assaj s bj 
means of partial legression coefficients showed that the minor fluctuations m 
pressure normally encountered and the effect of the preceding dose can be 
neglected without appreciibh diminishing the nccuracj of assaj s Variation 
due to tachyphjlaxis is largclj taken care of bj the cxpenmental design and 
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method of analysis. Further refinements in the latter accomplish only a slight 
reduction in the standard error. 

Bum (8) has written in his standard work on biological assay that 

“Methods are good it they arc accurate, rapid, and simple and bad if they are inaccurate, 
slow, and need skill. That accuracy is necessary all are agreed. That speed in obtaining 
a result is important is . . . well known to those engaged in estimations on behalf of com- 
mercial firms. Still fewer people recognize that methods are good in proportion as the 
technique is simple.” 

The method reported fulfills these requirements. The accuracy is attested 
by the data set forth in table 5. The average deviation of potencies found from 
the true potencies is only G.9%. 

The technique of the assay is simple, and anyone familiar with the ordinary 
manometric method usually used for measuring blood pressure can master it. 
Although the mathematics underlying the method of computation are intri- 
cate, their understanding is not. necessary to the assayist, who has only to 
substitute in the appropriate formulae and use arithmetic to calculate the re- 
sults of an assay. 

An occasional bird must be discarded because of very low blood pressure, 
tachyphylaxis which develops with excessive rapidity, numerous extrasystoles, 
or relative insensitivity, but on the whole the method is economical in both time 
and funds. A single determination can be carried out and calculated in ap- 
proximately four hours. Write leghorn roosters are more readily available and 
less expensive per acceptable assay than guinea pigs suitable for the usual 
uterine test. 


SUMMARY AND CONCLUSIONS 

1. A method is presented for the biological assay of the oxytocic activity of 
posterior pituitary solutions. 

2. The mean error of thirteen assays of solutions of known potency was G.9%. 

3. The reliability of each assay can be determined independently. 

4. The method is simple and economical. 
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Inhibition of function in an endocrine gland by the administration of chemical 
compounds is a new field of investigation in endocrinology. Pharmacological 
studies have not heretofore been concerned with drugs exhibiting this type of 
activity, but recent work indicates that such compounds may be uncovered 
and in the case of the thyroid gland certain agents have been found to possess 
the specific property o! inhibiting thyroid hormone production. 

The administration to rats of sulfaguanidine (1), phenylthiourea (2) or a!- 
lylthiourea (3) has been found to result in a pronounced enlargement and hyper- 
plasia of the thyroid gland, an action that is common to a number of sulfonamides 
and thiourea derivatives (4, 5). This effect is not modified by increasing the 
iodide intake but is abolished if thyroid hormone be given concurrently (4, 5). 
The thyroid hyperplasia is accompanied by a decreased food intake, a lessened 
Tate of body growth and development, and a lowered basal oxygen consumption. 
These compounds do not influence the thyroid in the absence of the hypophysis 
and have no inhibitory' action upon the calorigcnic activity of artificially ad- 
ministered thyroid hormone (5). Thus it appears that the primary' action of 
compounds of the type mentioned above is concerned with the inhibition of 
thyroid hormone production. 

In view of the therapeutic importance (C) of drugs which have the specific 
property of decreasing the formation and liberation of the hormone of the thyroid 
gland, a study has been made on a number of compounds in order to determine 
the chemical groupings responsible for this type of activity. It was anticipated 
that this information would permit the development of more highly active 
agents of low toxicity. 

Methods. In order to determine the relative effectiveness of different substances in 
inhibiting thyroid hormone production, estimates were made of the degree of compensatory 
thyroid hyperplasia that followed their administration in various dosages The substances 
to be tested were administered to normal young female rats, 21 to 30 days of age, for periods 
of 10 days The readily soluble compounds and those easily dissolved by the addition of 
acid or alkali were dissolved in the drinking w ater. The relatively insoluble substances and 
the larger doses of the more soluble ones were admixed w ith the food. The volume of w ater 
drunk and the w eight of food consumed were measured and the animals were weighed daily. 
The amount of the drug w hich each animal received daily w as estimated from the quantity 
consumed by the group over the 10 day period and this amount was expressed on a body 
weight basis using the average body weight of the group of animals over the period of the 


1 This work was done under the auspices of the University Committee on Pharmaco- 
therapy. 
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test. In each test 2 to 4 animals were used for each dosage level, and from 6 to 18 such 
groups were run simultaneously. The nnimals were killed with illuminating gas and the 
thyroid region dissected out without touching the gland and without removing it from its 
attachments to the trachea and larynx. The degree of thyroid effect was graded prelimi- 
narily as negative or ns one plus to four plus upon the gross appearance of hyperplasia as 
indicated by increased sire and hyperemia. The glands were fixed in formalin and paraffin 
sections were stnined with hematoxylin and cosin; the final grading of the degree of hyper- 
plasia was made from the microscopic appearance. The criteria used in forming an estimate 
of the degree of hyperplasia are shown in table 1. 

Both the gross and the microscopic inspections were done without knowledge of the 
dosage or the nature of the compound being tested and in nearly every instance the two 
criteria agreed closely. Whenever there was doubt ns to whether the glands were slightly 
hyperplastic or normal the test was considered to be negative. When a compound was 
found to be active at a given dosage, the substance was retested at higher and lower levels 
in order to approximate the minimal effective dose and to determine the amount required 
to induce a maximal response. Certain active compounds were toxic and could be tested 
only at doses which induced minimal or moderate thyroid hyperplasia. Substances which 

TABLE 1 


Grading of the degree of hyperplasia from the microscopic appearance of the thyroid glands 


ENLARGEMENT AND PSOLITER ATION 

Or ACINAR CELLS 

COLLOID LOSS 

ESTIMATE Or 
UYPERPLAStA 

Slight or none 

Minimal 

— 

Distinct 

Moderate 

+ 

Moderate 

Over half of total 

++ 

Marked 

Nearly complete 

+++ 

Maximal 

1 

Complete 

++++ 


proved to be inactive were retested at higher levels, and in most instances the dose was 
increased until toxic levels were reached. 

Results. Thiourea and related compounds. The most active compounds 
tested belong to a group of substances possessing a thiourea grouping. 
In table 2 are shown the results obtained with 32 compounds which may be 
considered to be derivatives of thiourea, as all of these substances have in com- 
mon the thioureylene radical: — NH-CS-NH— . Thiourea itself is quite active, 
a maximal effect being produced by a dose of 13 mgm. per 100 grams of body 
weight per day. This substance, although disagreeable to the taste in human 
beings, was well tolerated by rats and the daily oral administration of 2 grams 
to adult rats was not lethal over a period of 10 days. Alkyl and aryl deriva- 
tives of thiourea were not more active than the parent compound with the 
exception of sym-diethyl thiourea, and certain derivatives were less active. 
Most of the derivatives were more toxic than thiourea, particularly the amino, 
acetyl, allyl, guanvl, phcnvl, o-tolyl, and di-o-tolyl derivatives. The di-n- 
butyl, diphenyl and di-p-tolvl derivatives were of very low potency, possibly 
because of their low solubility in water. 

Substituted 2 -thiohydantoins were quite active, the 1 -acetyl and 5 benzat 
derivatives being slightly more active than thiourea but all of these compounds 
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TABLE 2 


Dent ahoca of thiourea 






M 





X O 

H 

§ 


COUPOt'NO 







tion> 

x a 
5* 
o 

< 

< 




% 

ltam } 

Wf / 

100 






day 


Thiourea 

NH,CS\H* 

0 005 w ater 

3 7 

1 2 

— 



0 01 water 

2 4 

2 1 




0 02 water 

3 3 

3 3 




0 10 water 

1 8 

13 1 

++++ 



I 00 water 

1 I 

117 0 

++++ 

Methylthiourea 

NHjCSXHCH, 

0 01 water 

3 0 

2 1 




0 02 water 

3 7 

4 6 




0 10 water 

2 1 

44 4 

++++ 

Thioseinicarbazule 

NHiCSN’HNHt 

0 05 water 

-2 2 

5 1 

+ 

Acetjl thiourea 

NH,CSXHCOCH, 

0 02 water 

2 0 

4 0 




0 10 water 

0 3 

13 0 

+++ 

Allylthtourea 

NH,CSMIC,H, 

0 01 water 

3 3 

2 1 



0 02 water. 

2 7, 

4 2 

++ 



0 10 water 

0 6 

4 9, 

+++ 

Guanylthiourea 

NH,CSXHC(NH)NH, 

0 02 water 

2 5 

3 4 

_ 


0 05 water 

0 ft 

5 1, 

— 

Sym Dicthjl 

CiH,NHCSXHC,H, 

0 002 water: 

3 8 

0 6' 

4- 

thiourea 

0 005 water 

3 7 

1 3 

++ 



0 01 water, 

2 2 

2 6! 




0 10 water 

0 5 

20 2 

+ +++ 

Sym Di n butyl 
thiourea 

CiHiNHCSN HCJI, 

1 00 rood 

-0 3 

185 0 

++ 

Phenylthiourea 

NHjCSNHCiH* 

0 01 water 

2 7 

1 7 

_ 


0 05 water 

-0 2 

2 5 

— 



0 10 water 

died 



o Tol>)thiourea ! 

NH.CSAHCJIiCH, 

0 10 water 

-1 1 

1 7 

_ 


1 00 food 

died 



Phenylthiohydan 1 

C.H|NHCS\ T HCH,COOH 

0 10 water 

2 6 

18 3 

_ 

toic acid 

0 50 food 

-1 0 

bl) 0 

+ 



1 00 food 

-0 1 

115 0 


Sym Diphenyl 
thiourea 

CaiiNHCSMICJI, 

5 00 food 

-0 8 

530 0 

++ 

Sym Di p tolyl 
thiourea 

CH,C,H 4 NHCS\HC.H4CH, 

1 00 food 

3 2 

134 0 

- 

Sym Di o tolyl- 

CH,C.H,\ HCSNHCiH.CII, 

0 50 food 

2 2 

66 7 


thiourea 

2 00 food 

died 

83 b 

— 

Dithiobiuret 

NH:CSNHCSMI s 

0 002 w ater 

died 

0 3 

— 



0 05 water 

died 

0 9 

~ 


* The percentages are grams of solid or cc of liquid in 100 c c of solution or in 100 grams 
ot food 


n average daily bod> weight gam of 7 groups totaling 32 control animals was 2 5 to 
*4, mean 3 In- o 13 grams 
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z 

u 


COMPOUND 

TOSMUtA 

METHOD OP 
ADMtNlSTKA- 

> o 

Is 

o 

Q 

U 

THVSCtD 



TIOV* 

si 

o 

< 

m 

IESPONSE 









% 

trams 

, 100 


Methylisothiourea 




day 


(NHC(SCH,)NH i ) ! H,SO, 

0.10 watc 

t l.: 

2 11.' 

L +-F 

sulfate 


0.50 watc 

r 0.1 

i 25.: 

2 + 

J-Acetyl-f-thio- 

N(COCHi)CSNHCOCHj 

0.01 wate 


1 3.( 

) 4- 

hydantoin 


0.10 watc 

r 0.< 

> 9.1 

r +++ 

5-Benzab£-thio- 

NHCSNHCOC(CHC,H,) 

0.005 wate 

r 3. < 

' 1.2 

} + 

h 3 'dantoin 

0.01 wate 

r 3.1 

> 2.4 

( ++ 



01.0 wate 

r l.f 

i 16.5 

i -f +4*4* 

5 -F urf ural *£-thio- 
hydantoin 

NHCSNHCOC(CHCiHiO) 

0.10 wate] 

r 1.9 

20. e 

++ 

I-Bentoyl-£-thio- 

N(COC,H,)CSNHCOCH, 

0.10 watei 

• 2.S 

26.2 


hyda ntoln 

1.00 food 

died 

147.0 

- 

£«Aminothiazole 

SC(NH,)NCHCH 

■ — « 

0.10 water 

0.7 

10.3 

++ 


0.50 water 

-0.6 

148.2 

+++ 

ThioarazneJi&e 

NHCSNIIC(NH)NHC(NH) 

0.02 water 

3.1 

6.1 

__ 


1.00 food 

1.8 

123.0 

4*4- 

Monothiocyanuric 

NHCSNHCONHCO 

; i . 1 

0.01 water 

2.8 

3.2 



acid 

0.10 water 

1.3 

30.0 

_ 



0.50 water 

died 


- 

Dithioammelidc 

NHCSNHC(NH)NHCS 

0.01 water 

3.5 

2.2 




0.10 water 

4.3 

25.0 

— 



1.00 food 

i.e 

118.2 

++ 

£-Thiouracil 

NHCSNHCOCHCH 

U 1 

0.002 water 

4.3 

0.6 

+ 


0.005 water 

3.4 

1.5 




0.01 water 

3.2 

2.3 

++ 



0.02 water 

2.2 

3.6- 

F 4*4-4- 



0.10 food 

2.4 

10.8- 

4-+++ 



0.10 water 

2.1 

14.0- 

f+++ 



1.00 food 

1.2] 

105.0 - 

h+++ 

f-Thiobarbituric 

NHCSNHCOCH.CO 

0.002 water 

3.9 

0.6 

+ 

acid 

l 1 

0.005 water 

3.1 

1.3 

+ 



0.01 water 

3.5 

3.6 




0.10 food 

2.9 

17.2- 

f— f + + 

All vli8op ropyl 
tniobarbituric 

NHCSNHCOC (CaH s ) (CjHj)CO 

i — — i 

0.10 food 

2.5 

16.4 

+ 

acid 






Ethyl (1 -methyl 

NHCSNHCOC(CjHi)(CiHn)CO 

1 . ■ > 

0.10 food 

2.4 

17.1 

— 

butyl)-£ ; thio- 
barbituric acid 





Phenylethyl-£- 

NHCSNHCOC(CiH,)(C,H,)CO 

1 .. ' 

0.10 food 

1.6 

18.5 

++ 

thiobarbituric 

acid 






Ethyl-aec-butyl-f- 

NHCSNHCOC(CjH s ) (C.H,) CO 

0.10 water 

2.3 

14.0 

4- 


1- - — ' 

0.10 food 

2.8 

17,1 

++ 

acid 


0.40 food 

0.6 : 

34.0 

— 

Benzylthiobarbi- 

NHCSNHCOCH(CHiC«Hj)CO 

0.10 food 
1.00 food 

3.4 
2.7 ! 

16.3 

92.0 


turic acid 



n-Butylallyl-2- 

NHCS(NH)NCOC(C,H,)(C.H,)CO < 

0.10 food 

3.0 : 

15.7 

4* 

iraino-2-thio- 
barbituric acid 
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were considerably more toxic. 'Plienylthioliydantoic acid was only slightly 
effective when given at the relatively high dose of 67 mgm. per 100 grams per 
day. It is also of interest to note that methylisothiourea sulfate was much less 
active than thiourea. This may indicate that the diamide structure contributes 
to the activity of thiourea. However, it is somewhat surprising to note that 
S-aminothiazole is’ quite active even though the sulfur atom is a part of the 
cyclic structure. 

Of all the compounds shown, 2-thiouracil and 2-thiobarbituric acid were the 
most active; 3 to 4 mgm. daily induced maximal responses. The toxicity of 
these two compounds was low; a daily intake for 10 days of 100 mgm. was 
well tolerated. 

The derivatives of 5-thiobarbituric acid such as those used for their hypnotic 
or anaesthetic properties were much less active on the thyroid than 2-thio- 
barbituric acid itself. 

2-Thiouracil has been more extensively investigated than any other compound 
in this series. It is slightly more effective than 2-thiobarbituric acid, and toxic 
manifestations do not occur until a daily dose of 100 mgm. per 100 grams of 
body weight is exceeded When this compound was fed at a level of 1% in the 
food, concretions in the urinary tract w-ere noted in about one third of the ani- 
mals. Animals surviving this complication have been maintained on this dosage 
for five months, and during this time showed no symptoms or signs other than 
those attributable to a state of hypothyroidism. This dosage amounts to more 
than 100 times the minimal effective dose for thyroid hyperplasia and about 
20 times the amount required for a full thyroid effect. 

Derivatives of Aniline. In table 3 are show n 26 compounds that are chemically 
unrelated to those shown in table 2 Of these, 13 were found to be effective. 
The only feature that is common to each of this second series of active compounds 
is the aniline group. Para aminobenzoic acid is the simplest substance in this 
series. A daily dose of about 200 mgm per 100 grams is needed for a full effect, 
and a similar order of activity is possessed by wi-aminobenzoic acid, p-amino- 
acetanihde, p-aminophenylacctic acid and sulfanilamide. The derivatives of 
sulfanilamide are likewise active Sulfapyndine induced a maximal response 
with a daily dose of 64 mgm. per 100 grams body weight and sulfadiazine, the 
most active substance in this group, with a dose of 23 mgra. 

Aniline itself was highly toxic and gave no thyroid response with the very 
small dose tolerated. Several relatively non-toxic aniline derivatives were not 
active, e g. p-aminophenol, p-phenylenediamine, p-acetamidobenzoic acid, ethyl 
p-aminobenzoate, acetophenitidin and procaine, indicating that some further 
character is essential to the thyroid effect besides the aniline group. Activity 
is greatly decreased or abolished altogether when the amino group is substituted 
as in p-acetamidobenzoic acid and p-dimethylaminobenzaldehyde. 

Cyanides and Thiocyanates. In addition to these two series of compounds, 
tests were performed on thiocyanates and organic cyanides, as members of this 
class of compounds have been reported to cause goiter in experimental animals. 
Methyl cyanide, cyanacetamide, and cyanamide gave negative results at all 
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TABLE 3 
Aniline derivatives > 



1 

i 

DAim 

AVER. 


COMPDDSD 

FORMULA. 

1 METHOD OP 

BODY 



A DitINISTXA TIOX 

WEIGH'. 

CAIN 

DOSE 

RESPONSE 

p- Aminobenzoic 


% 

grams 

mg. /10C 
gm./day 

» 

nh 4 c,h.cooh 

0.50 water 

3.. 

5 180.1 

3 ++ 

acid 


1.00 water 

2.! 

3 266. ( 

3++++ 



2.00 water 

2.; 

3 410.1 

3++++ 

m-Aminobenzoic 

NH-CtH<COOH 

1 . 00 water 

3.1 

3 228. ( 

3 ++ 

acid 


2.00 water 

2.( 

5 574. ( 

3 +++ 

o-Aminobenzoic 

NH-CjH.COOH 

1.00 water 

3.( 

) 269. ( 

>: + 

acid 


2.00 water 

l.f 

S 396. ( 

i ++ 

p-Aminophenyl- 

NH,C e H,NH (CH.) COOH 

0.25 water 

O.t 

) 82. C 

I - 

glycine 






p-Aminophenol 

NH 5 C e H,OH 

1. 00 food 

l.C 

1 144.0 

l — 

Aniline 

NH 5 C,H s 

1. 00 water 

-3.0 

1 II. 0 

- 

p-Phenylcncdi- 

NHjCeH«NH» 

1.00 food 

-0.3 

337.0 

__ 

amine 






Benzidine 

NH J C e H 1 C,H ) NH» 

1.00 food 

died 


— 



0.50 food 

-2.3 

22.0 

— 

p-Aminoacetani- 

lide 

NHjCjHjNHCOCHj 

2.00 food 

0.2] 

199.0 

+++ 

p-Acetamidoben- 

CH>CONHC,U<COOH 

1.00 water 

2.3 

304.0 


zoic acid 


2.00 water 

0.1 

457.0 

- 

Ethyl p- amino- 

NH 1 C«H,COOC i H 5 

1.00 food 

2.3 

120.0 



benzoate 


2.00 food 

0.1 

251.0 

- 

p-Dimethylamino- 

(CHj)jNC«H»CHO 

1.00 food 

1.0 

90.0 

+ 

benzaldehyde 




p-Aminopbenyl- 

NHiC«H,CH 3 COOH 

0.10 water 

3.7, 

30.0 

+ 

acetic acid 


1 . 00 water 

2.7 

236.0 


Sulfanilic acid 

nh ! c«h,so 1 h 

2.00 water 

2.S 

584.0 

- 

5-Aminotoluene-4- 

NH,C e H t (CH,)SO:H 

3.00 water 

3.3 

175.0 

_ 

sulfonic acid 

2.00 food 

2.7 

250.0 

— 

Procaine 

NH : C,H,COOCH j CH ;! N(C 2 H 5 ) 3 

3 . 00 food 

1.5 

139.0 

— 


2.00 food 

died 



Acetophenetidin 

CHjCONHCt^COCjHs 

2.00 food 

-0.7 

151.0 

- 

Guanylsulfanilic 

NH : C(NH)NHC # H ( SOjH 

2.00 food 

3.0 

21S.0 

- 

acid 






p-Toluenesulfon- 

CH jC«H ( SOsEHC«H s 

1 .00 food 

2.4 

118.0 

- 

anilide 






Sulfanilamide 

NH.C.H.SOjNH, 

0.10 water 
0.50 water 

2.6 

2.0 

29.4 
70 4 

+ 



2.00 food 

0.9 

206.0 

+++ 


i Some of the data on the sulfonamides were taken from a previous publication (5). 
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TABLE 3 — Concluded 




METHOD Of 

AD MINI ST* ATION 

DAILY 

|VTi 

Thykoid 

HESPOYSE 

COMPOUND 

FO*jrCLA 

WEICHT 

GAIN 

AGE 

DOSE 



c* 

gramt 

ml / 100 
im / day 


Sulfamlylurea 

NHjCiHjSOjNHCONHj 

0 20 food 

3 4 

22 5 

+ 

Sulfaguanidine 

NHiC*HiSOiNHC (NH)NH, 

0 10 water 

2 6 

22 3 

+ 

0 50 food 

2 6 

51 0 




2 00 food 

2 9 

268 0 

+ + + 



5 00 food 

2 3 i 

735 0 

+ + + + 

Sulfathiarole 

NHjC.ILSOjNHCjHiNS 

0 10 water 

3 0 

21 7 

+ 


0 50 water 

2 8 

69 0 




1 00 food 

2 4 

106 0 

+ + + 

Sulfapyridine 

nHiC,h«so.nhc»h«n 

0 10 water 

2 9 

18 9 

4- 

0 50 water 

2 2 

64 3 

++++ 



1 00 food 

1 9 

98 0 

++++ 

Sulfadiazine 

nh,c»h 4 so,nhc«h,n. 

0 01 water 

3 7 

2 4 

+ 


0 02 water 

2 6 

4 2 




0 10 water ; 

3 4 

22 8 

++++ 



1 00 food 

1 5 

119 0 

++++ 

Sulfasuxidine 

HOOC(CH»)jCONHC»H«SOj 

NHCjHtNS 

5 00 food 

3 8 

760 0 

++ 


TABLE 4 

Cyanides and thiocyanates 





DATLY 


THY* 0 ID 

COMPOUND 


ADMDnSTIATION 

WEIGHT 

CAIN 

DOJE 

SPONSE 




tramt 

t*t /tOO ! 
I m /day , 


Methyl cyanide 

CH.CN 

1 00 water 

-2 9 

39 0 ' 


Cyanacetamide 

CH,(CN)CONH, 

0 10 water 

2 5 

22 9 

- 

Cyanamide 

NHjCN 

0 10 water 

3 8 

22 8 

- 

Sodium thiocyanate 

KaSCN 

0 25 food 

1 9 

35 1 

+t 


0 25 water 

2 6 

74 5 

+ 



0 25 water* 

2 5 

70 5 

— 



1 00 water 

-1 0 

165 0 

+++ 



1 00 water* 

-1 8 ! 

146 1 


Potassium thiocyanate 

KSCN 

1 00 water 

-0 3 

97 5 j 

+ + + 

Ammonium thiocyanate 

NH«SCN 

1 00 water 

died 

156 1 ' 

- 

Sodium thiosulfate 

NajSiOj 

0 50 water 

2 7 

153 0 

- 



2 00 water 

0 8 


“ 

Methyl thiocyanate 

CH,SCN 

0 10 wmter 

2 7 

13 3 

- 

Guanidine thioejanate 

NHjC(NH)NH,SCN 

0 10 water 

3 1 

24 5 



* Plus 0 1% potassium iodide in the drinking water 
t Negative after 7 days, +++ ifter 2S days 
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coupons 


Methylurea 

p-Tolylurea 

Guanidine hydrochloride 
Nitroguanidine 
Guanylurea n-sulfonic 
acid 
Uracil 

2-Aminopyrimidine 
Isocytosine 
Acetoguanamine 
Benzoguanamine 
S-Pj'rid 3 ’lthioacetic acid 

2-Aminobenzothiazole 

Trithiomethylene 

Sulfonmethanc 

Thioacetamide 

Thiobenzaraide 

Dithiooxamide 

Thiochrorae 

Benzoic acid 
Sulfosalicylic acid 
Saccharin 

Benzenesulfonamide 

p-Toluenesulfonawide 

Phenolsulfonic acid 

Dinitrophenol 

n-Butyl snlfone 

Diphenyldisulfide 

Sulfur 

Sodium sulfide 
Ammonium sulfamate 
Hydroquinone 
Methylene blue 
8-Hydroxyquinofine 

Sodium see. butyl 
xanthate 

Sodium diethyl-dithio- 
carbamate 
Ascorbic acid 
Tyrosine 

3,5-Diiodo-4-hydroxy- 
benzoic acid 
p-Nitrobenzoic acid 


TABLE 5 
inactive compounds 


ZOZMC1A 


NH-CONHCHj 

NH,CONHC.H,CH, 

NH,C(NH)NH,HC1 

NH ; C(NH)NHNO. 

NHiC(NH)NHCONHSO,H 

NHCONHCOCHCH 

NC(NH,)NCHCHCH 

NHCONCHCHCNHi 

C(NH,)NC(?fH } )NC(CH,)N 

C(NHj)NC(NHj)NC(C«H»)N 

yC(CH,CSOH)CHCHCHCH 


SC (N Hs)I\ CHCHCHCHCHCH 
CHiSCHjSCHjS 

i — — ~j 

(CHri-.CfSOsCsH,), 

NHjCSCH, 

NH,CSC,H, 

KH.CSCSNHs 


C ls H,«ON,S 


C.H.COOH 

HOOCC,H,(OH)SO,H 

C«H»SO,NHCO 

CeHBOjNHj 

ch,c«h,so ! nh, 

HOC,H,SO,H 
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dosage levels (table 4). The earlier tests on the thiocyanates gave inconstant 
and poorly reproducible results but later it became clear that at least two factors 
modified the thyroid response to these agents. On the usual diet of Purina 
fox chow marked thyroid hyperplasia resulted when either sodium or potassium 
thiocyanate was administered over periods of several weeks. When given for a 
shorter period the result was less constant and little or no hyperplasia was to be 
seen in animals killed one week after the beginning of treatment. Thus a thy- 
roid effect was much slower to develop with the thiocyanates than with the 
thioureas and aniline derivatives. The administration of iodide together with 
sodium thiocyanate completely abolished the thyroid hyperplasia and no thyroid 
change was noted even when treatment was continued for 3 weeks. As iodide 
in large doses does not modify the thyroid response to compounds of the thio- 
urea and aniline scries, this peculiarity of the thiocyanates indicates that a dif- 
ferent type of action is involved. 

Sft8ceUaneous Tnadtie Substance. A variety of compounds that have yielded 
negative results are shown in table 5. This list includes derivatives of urea and 
guanidine, compounds containing sulfur and substances related in one W'ay or 
another to those shown in tables 2 and 3. 

Discussion. The method used to determine the antithyroid activity of the 
above compounds at best provides an estimate of the relative activities of the 
several substances tested, and the figures obtained cannot be considered as 
quantitatively accurate. A number of factors enter which make for error. 
Measurements of the daily food and water intake are subject to small errors, and 
losses by the scattering of food and the evaporation of the drinking water result 
in an overestimate of the quantity of drug actually consumed. Probably the 
greatest error occurs in the tests on toxic substances and on compounds that are 
disagreeable to the taste. It is clear that the thyroid response is distinctly less 
in animals which are ill and in those which fail to gain weight because of decreased 
food or water intake. This is exemplified in the experiments on ethyl-src- 
butyl-thiobarbituric acid and phenylthiohydantoic acid in which an increase 
in the dose to toxic levels resulted in a lessening of the thyroid response. It is 
quite probable that the antithyroid activity of some compounds is entirely 
eclipsed by their toxic effects; guanylthiourea, o-tolyltlnourea, dithiooxamide 
and dithiobiuret may be examples of this. How ever this method may be con- 
sidered adequate to the purpose for which it was intended. It is sufficiently 
accurate for a first approximation of the activity of widely different chemical 
compounds of unknow n potency and has the distinct advantage of being simple 
and reproducible. Administration of drugs bj' their incorporation in the diet 
provides for a relatively constant rate of absorption, a factor of importance 
when chronic effects aie being observed. Furthermore it is of special practical 
interest and clinical importance that substances be found which are active when 
administered by mouth. 

The rate of body growth ra young animals is one of the most sensitive tests 
of toxicity that can be used. However it is only reliable in a negative sense; 
substances which are disagreeable to the taste will likewise decrease the rate of 
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growth because of lowered food consumption. Therefore the figures given above 
for the rate of growth are of importance chiefly in indicating which compounds 
are non-toxic. 

The structures of the compounds that proved to be active in this test indi- 
cate that two general classes of substances possess this type of physiological 
action. All of the compounds having within their structure the grouping 
— XH-CS-XH- — were active with the exception of those of very low solubility 
in water or of high toxicity. The activity of thiourea itself was not perceptibly 
altered by the presence of a methyl, acetyl or allyl group; the symmetrically 
substituted thioureas were all less active except the diethyl derivative which was 
about twice as active as thiourea. Most of these compounds were more toxic 
than thiourea however. The inclusion of thiourea in a five or six membered 
heterocyclic structure resulted in a pronounced enhancement of activity as in 
the thiohydantoins, thiobarbituric acid and thiouracil. However the six mem- 
bered heterocycles containing 3 nitrogen atoms such as thioammeline, dithioam- 
melide and monothiocyanuric acid, although non-toxic in large doses, were of 
very low' potency. Most of the heterocycles were of low toxicity and thiouracil 
and thiobarbituric acid in addition to exhibiting an unusually high activity 
were particularly non-toxic and therefore of greatest interest clinically. 

Prom a structural point of view it is apparent that the entire grouping 
— XH-CS-NH — is essential to the thyroid effect. Activity is lost if the S is 
replaced by another element or group as in urea, guanidine, and their deriva- 
tives, uracil, g-aminopyrimidine, isocytosine and the guanamine derivatives. 
Apparently both amino nitrogen atoms are essential, for activity is lost when one 
of these groups is absent as in thioacetamide, thiobenzamide, sodium scc- 
butylxanthate and sodium diethyldithiocarbamate. The sulfur itself is obvi- 
ously not the active agent as a number of compounds containing sulfur in dif- 
ferent forms were inactive. Therefore, as far as this series of experiments go, 
it appears that the entire thiourea grouping is essential to the type of biological 
response under investigation. 

The biologically active grouping in the second series of compounds is not 
entirely clear, and the only structure common to all is the aniline group 
XH--CcH 4 — . Substances closely related to certain of the active aniline deriva- 
tives were inert, e.g. benzoic and sulfanilic acids, benzene- and toluenesulfon- 
amides, phenylsulfonic acid and saccharin. It is apparently necessary that the 
amino group be free, for activity was lost when this group was substituted as in 
p-acetamidobenzoic acid, and p-dimethylaminobenzaldehyde. Aminobenzoie 
acid was most active when the carboxyl group was in the para position to the 
amino group. Compounds possessing the same order of activity as p-amino- 
benzoic acid were: p-aminoacetanilide, p-aminophenylacetic acid, and sulfanil- 
amide. Potency was increased when one of the hydrogen atoms of the sulf- 
amido X of sulfanilamide was replaced by a guanyl-, thiazole-, pyridine- or 
pyrimidine grouping, and in the case of sulfadiazine the activity approached 
that of the active members of the thiourea series of compounds. It is possible 
that these aniline derivatives owe their activity to their structural similarity to 
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tyrosine It will be of interest to determine the activity of compounds related 
to tyrosine or duodot j rosme m which the p hydroxyl group is replaced by an 
ammo group as in p aminopheny lalanine 
As a working hy pothesis it is suggested that the aniline derivativ es act through 
a competitw e mechanism m the enzyme pj stem responsible for the conversion 
of diiodotyrosine to thyroxin The thioureas are possibly specific inhibitors of 
this *ame sy stem 


SUMMARY 

The relative effectiveness of 106 chemical compounds in inhibiting the func 
tion of the thy roid gland w as tested in young rats When these substances were 
administered m the food or drinking water for a period of ten days, the degree of 
thyroid hyperplasia, as estimated by gross and microscopic examination , pro 
vided an estimate of their actn ity 

Two classes of compounds were found to be active thiourea derivatives and 
certain derivatives of aniline The compounds more effective than thiourea in 
decreasing order of activity were 2 thiouracil, 2 thiobarbitunc acid, sym 
diethy lthiourea and 6 benzal 2 thiohy dantoin The effective aniline deriva 
fives composed the sulfonamides, p , m , o aminobenzoic acids p ammophenyl 
acetic acid and p aminoacetamlide Thiocyanates were found to cause thyroid 
enlargement only in the absence of added iodide, while organic cyanides failed 
to influence the thyroid gland 
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It has been reported by Lightbody and Mathews (1) that when rotenone is 
dissolved in olive oil and administered gastrically to rats and guinea pigs its 
toxicity is greater than when administered in water suspensions. Ambrose and 
Haag (2) reported the same observations, and also demonstrated in rats and 
rabbits that gastric administration of a water suspension of derris followed im- 
mediately by olive oil resulted in augmentation of the toxicity. 

These interesting observations on the role of fat in the toxic action of rotenone 
and derris are of practical significance chiefly because they reveal a source of 
error in the determination of the acute toxicity of these substances. Interest in 
the acute toxicity of rotenone and derris in warm blooded animals is concerned 
with the translation of the data in terms of possible toxic dosage in humans. 
Since there is only a remote possibility of acute poisoning being associated with 
high fat intake in humans, the acute toxicity data involving use of olive oil gives 
an exaggerated idea of toxicity. 

However, a different situation presents itself when public health hazards trace- 
able to derris spray residues are considered. In the absence of experimental 
evidence arguments could be advanced to show that individuals using a high 
fat diet might be either more or less susceptible to effects of chronically ingested 
derris. Lightbody and Mathews (1) have reported experiments on chronic in- 
gestion of rotenone extending over a period of 37 days, at the end of which time 
the last experimental animal died. Their data are unquestionably correct under 
the experimental conditions employed. They dissolved all doses of rotenone in 
olive oil in such concentrations that all rats received daily 2.5 cc. of olive oil per 
kilogram of body weight, administered by stomach tube. Dissolved in olive 
oil the rotenone is in a high degree of dispersion, a condition which, in con- 
junction with the mode of administration employed, does not simulate the cir- 
cumstances under which humans on a high fat diet would be subjected to a 
spray residue hazard involving rotenone or derris. 

The present report gives data on the continued feeding of derris and rotenone to albino 
rats maintained on diets in which the fat content had been raised by incorporating Crisco. 
The derris (sample No. I, D. 3006, containing 3.6% rotenone and 15.6% carbon tetrachloride 
extractives) and rotenone employed were supplied by the Bureau of Entomology and Plant 
Quarantine, U. S. Department of Agriculture. Both the derris and rotenone were fine 
enough to pass through a 100 mesh sieve. Male albino rats weighing approximately 45 

1 Agricultural Chemical Research Division Contribution No. 93. 
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grams each were used in these feeding experiments. The rats were divided into 10 groups 
of 5 rats each and placed on the following diets: 

Group 1— Control diet 

Group 2— Control diet plus .03% derris 

Group 3— Control diet plus 20.0 % Crisco 

Group 4— Control diet plus .03% derris and 15% Crisco 

Group 5 — Control diet plus .03% derris and 10% Crisco 

Group 6 — Control diet plus .03% derris and 5% Crisco 

Group 7— Control diet plus .03% derris and 2.5% Crisco 

Group 8 — Control diet plus .06% derris and 15% Crisco 

Group 9 — Control diet plus .00S% rotenone 

Group 10 — Control diet plus .008% rotenone and 15% Crisco 

In all cases the concentration of derris or rotenone employed refers to the final concen- 
tration in the completed diet. 

These diets were placed in food cups designed to reduce food losses to a minimum. The 
cages were provided with water bottles, and the rats had free access to food and w'ater at 
all times. The rats and food cups were weighed once a week, at which time careful ob- 
servations were made as to the general condition of the animals. All rats were kept on 
their respective diets for at least 140 days. Upon termination of the feeding experiments 
all rats were autopsied and observations were mndc for evidence of gross changes The 
liver, spleen, kidney, adrenal, heart, bladder, intestine, lung, testis, and stomach were 
examined for evidence of histological changes. 

The various diets were prepared in the following manner. Diets 2 and 0 were prepared 
by adding the weighed amount of derris or rotenone and thoroughly mixing in a mixing 
machine. Diet 3 w’os prepared by adding the w eighed amount of Crisco to the diet, mixing 
roughly by rubbing in the hands, and finally securing even distribution of the fat in the 
mixing machine Diets 4 to 8, inclusive, were made by incorporating the derris as in 
diet 2 and then adding the desired amount of Crisco as in diet 3 Diet 10 was prepared by 
adding the rotenone to the melted fat and incorporating the mixture in the basic diet in the 
mixing machine. 

Comparison of the growth rates of the three control groups receiving the basic 
diet, basic diet plus .03 per cent derris, and basic diet plus Crisco, with those of 
the animals receiving derris together with Crisco, showed that only in the ani- 
mals of group 8, which received .06 % derris and 15% Crisco was there a signif- 
icant decrease in growth rate. However, the retardation of growth was no 
greater than that previously reported (3) for a diet containing .06% derris, and 
the effect was attributed solely to the derris. The slight variations in growth 
rates of groups receiving .03% derris in combination with various concentrations 
of fat in the basic diet showed no consistent relationship to the percentage of 
Crisco employed. So far as the criterion of growth is concerned, fat in the form 
of Crisco in concentrations ranging from 2.5 to 15% did not potentiate the 
chronic toxicity of derris 

Rats receiving a diet containing .008% rotenone and 15% Crisco showed a 
moderate retardation of growth for the first 35 days of the experiment as com- 
pared with the grow th of rats eating a diet containing .008% rotenone. Sub- 
sequently, the growth rates of the two groups w ere almost identical. The level 
of rotenone intake corresponded to approximately 5 milligrams per kilogram of 
body weight per day, the equivalent of 139 milligrams of derris per kilogram of 
body weight per day for a sample of denis containing 3 6% rotenone. As in 
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the case of the experiments involving derris it is evident that a high fat diet did 
not produce any pronounced potentiation of the toxicity of rotenone. 

Despite the variations in the caloric value of the control diet and the diets 
containing Crisco the records of food intake do not show that a high fat content 
was associated with a decreased food consumption. For example, rats eating 
the basic diet containing .03% derris consumed an average of 59.6 grams of food 
per kilogram of body weight per day, corresponding to .018 grams of derris, and 
rats eating the diet containing .03% derris and 15% Crisco consumed 57.4 
grams of food per kilogram of body weight per day, coresponding to .017 grams 
of derris. This observation agrees with the fact that the slight variation in 
growth rates of groups receiving .03% derris in combination with various con- 
centrations of Crisco in the basic diet showed no consistent relationship to the 
amount of Crisco used. 

We have previously reported (3) that even when growth curves revealed no 
evidence of a chronic toxic action of derris the histological examination of stained 
tissue sections showed definite evidence of liver injury. It was therefore neces- 
sary to apply the same criterion to the present studies. The tissues were im- 
bedded in paraffin, sectioned and stained with hemotoxylin and eosin. Practi- 
cally no changes were noted in the liver, spleen, kidney, adrenal, heart, bladder, 
intestine, lung, testis, or stomach of any of the animals receiving derris and 
Crisco. Several showed a mild gastritis unrelated to the size of the dose of der- 
ris. In the convoluted tubular epithelium of the kidneys from the rats receiving 
all of the above combinations of derris and Crisco there were a few scattered 
small deposits of brown granular pigment. The livers showed no changes which 
can be considered due to the toxic action of derris. 

As previously reported (3), the livers of rats receiving a diet containing .03% 
derris without added fat showed histological evidence of liver damage. The 
absence of liver damage in rats receiving derris in a high fat diet suggests that 
fat in the form of Crisco has reduced toxicity, possibly by interference with ab- 
sorption, These results are in striking contrast with those obtained in acute 
experiments where fat in the form of olive oil augmented the toxicity. It is true 
that the concentrations of derris and rotenone employed were low as compared 
with the amounts of rotenone employed by Lightbody and Mathews, but they 
were well within the range of derris concentrations which we have shown will 
produce liver damage. The results emphasize the fact that one cannot predict 
chronic toxicity on the basis of acute toxicity data. 


SUMMARY 


Albino rats have been maintained on high fat diets containing derris and ro- 
tenone for a minimum of 140 days. Growth curves failed to show any appreci- 
able retardation of growth of the experimental rats as compared with control 
rats. Histological examination of the tissues failed to show any evidence of 
tissue damage. 
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Quantitative pharmacological btudies of analgetic drugs have been handi- 
capped by the lack of accurate measurement of the pain stimulus used. Many 
methods have been proposed, using pressure, electrical or heat devices to evoke 
pain responses. Perhaps the most satisfactory method at the present time is 
that of Hardy, Wolff and Goodell (1). This procedure adapts itself very readily 
to man, but is less applicable for animal studies. While it has been used on 
animals (2) with a muscle reflex as the index of pain sensation, it requires that 
the animal be trained to lie in a fixed position, otherwise the focal range becomes 
disturbed. 

Several forms of electrical stimuli have been employed. Martin (3) employed 
a liquid electrode applied to the finger, but this method again limits the studies 
to man. Macht (4) also used the principle of this method in his studies of the 
opiates by applying small platinum electrodes to various areas of the body. The 
measurements were recorded with a calibrated induction coil Recently Lanier 
(5) has published a technique similar to that reported in this paper. While 
the measurement of pain in animals presents greater difficulties than encount- 
ered in man, the desirability of such measurements is obvious. 

In a search for an electrical method to produce cutaneous pain in animals, 
three problems presented themselves First, the proper type of stimulus; 
second, the application of the stimulus; and thirdly, what sign or signs are to be 
used as an indication of recognition of pain by the animal. 

Method The stimulus used was repetitive condenser discharge. The intensity, fre- 
quency, pulse duration and duration of application could be varied independently The 
stimulus as used in these experiments was a pulse duration of 0 4 millisecond at a frequency 
of 200 per second applied for 0 5 second The stimulus strength in milhampcrea was cal- 
culated from the peak voltage measured across a calibrated resistance, placed in senes 
with the stimulating electrodes A cathode raj oscillograph w as used as a peak voltmeter. 
Tor the sake of accurate measurement, the standing wave produced by having the sweep 
circuit of the oscillograph synchronized with the stimulus rate was photographed and 
measurements made from the photograph An interval of thirty seconds was allowed 
between applications of the stimuli, to prevent the fatigue of the pain receptors 

The electrodes used were one large indifferent electrode of about two square inches, 
smeared with electrode jelly and fixed in position on n shaved area of the dog’s leg The 
other electrode consisted of thirtj pm heads soldered into a metal plate of 1J inch square. 
Von Frej (6) has shown the presence of definite pain points scattered more or less abun- 
dantly over different parts of the bod> The use of the multiple pin head electrode insures 
contact with a reasonable number of pain points The use of a solid electrode over 0 5 
sq cm. was found to be unsatisfactorj because it produced powerful muscle contractions 
The multiple point electrode was fixed in position over a shaved area of the back of the 
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animal so that firm contact was made without exerting undue pressure. The tension of 
this electrode was controlled by having it attached to an adjustable steel spring. If ex- 
cessive pressure was employed the pain points fatigued rapidly and no consistent measure- 
ments could be obtained. To insure that the same area was stimulated in each individual 
experiment, the skin area was outlined with a skin pencil. 

Dogs require very little training to be sufficiently quiet on a table for the experimental 
procedure and it does not require the exactness of position of the Hardy-Wolff method. 
However, the animal should be placed in a separate room so that its attention is not dis- 
tracted by the apparatus. This can be easily accomplished by wire leads from the appa- 
ratus to the separate room. 

The index for recognition of the stimulus finally adopted, was an opening or widening 
of the eyelids. This is fairly reliable and an early sign of recognition. If the intensity 
of the stimuli is increased slightly over that required to cause a widening of the eyelids, 
the dog raises his head and a still greater intensity may cause vocalization. "While the 
only sure sign of pain in an animal is a typical cry or howl, the sequence of events was so 
uniform that we believe the eyelid response to be a true pain threshold recognition sign. 
This sign could be elicited over several hours with very little variation in the intensity 
of stimuli, providing the same skin area was stimulated. 

It was found that the muscle reflex or skin twitch as used in the Hardy-Wolff method (2) 
could not be used as an index of threshold recognition. While this muscle twitch appears 
to be a reliable index with the thermal stimulus, it is not altered by the analgetic drugs 
when the electrical stimulus method is used. 

While the method as described has only been used on dogs, it could probably be adapted 
to other animals. 

Experimental. Since we were primarily interested in testing the validity 
of the proposed method for determining quantitatively the analgesic action of 
drugs, we employed for the most part only substances with proven potency. 

Control determinations were made on two dogs, but only one dog was used 
for the administration of analgetic drugs. This dog was an animal with a stom- 
ach fistula and had been previously trained to lie quietly on the table. All 
the oral administrations were made directly into the stomach through the fistula 
by means of a catheter. With the exception of one experiment with alcohol, 
all the drugs were given on an empty stomach. We made no attempt to place 
the multiple point electrode in exactly the same spot in different experiments. 
Therefore after the electrodes were fixed in position, control evaluations of rec- 
ognition were made at the start of each experiment (see graphs). It will be 
noted that the initial thresholds vary considerably, probably due to the fact 
that we were stimulating somewhat different skin areas in each of the experi- 
ments. Several control experiments were made on the two dogs and it was found 
that when the same skin area was stimulated, fairly constant readings over 
several hour periods could be obtained with maximum variations of about 0.5 
milliamperes (graph 1). 

Local Anesthesia. In order to determine whether the skin twitch was a nerve 
or direct muscle stimulation, the skin area under the multiple electrode was in- 
filtrated with 5 cc. of 2% procaine. If the skin twitch was due to direct muscle 
action, it should not be affected by the local anaesthetic, as there is no proven 
evidence that this anasethetic directly alters muscle irritability. (Graph 2). 

It was found after local annesthetization that the stimuli required to elicit 
the recognition sign and the skin twitch were markedly elevated, although there 
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Graph 1 Control Corves of Two Dogs Are Presented to Show the Normal 
Variations in Recognition Threshold 



Gr^ph 2 Effect of Procaine Anesthesia on the Response to Electrical 
Stimuli 

Solid line *= akin twitch Broken line ** recognition threshold 

was a longer latent period ior the shin twitch. Similar infiltration with 5 cc. 
of distilled water had no effect in altering either the recognition sign or shin twitch 
after the first five minutes. 
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Acetyl Salicylic Acid. Two experiments were performed on the effect of acetyl 
salicylic acid in increasing pain threshold. Two five grain tablets of aspirin 
were powdered and washed into the stomach with a small amount of water 
(graph 3). 

As the results of these two experiments were very similar only one curve is pre- 
sented. It will be noted that there is a fairly sharp rise in the recognition thresh- 
old, which reaches a peak in about 80 minutes. The intensity of the stimulus 
to produce recognition was noted at intervals for 190 minutes. One reading 
made at the end of 480 minutes showed that the threshold had returned to ap- 
proximately normal level. 

Alcohol. Two experiments with alcohol were performed, one with 30 cc. of 
alcohol diluted to 120 cc. given on an empty stomach, the other with 20 cc. of 



Graph 3. Effect of Acetyl Salicylic Acid 
(About 600 mgm. — 10 grains.) Approximately 40 mgm. per kgm. 

alcohol diluted to 100 cc. given one hour after feeding. In the first experiment 
it will be noted that there is a very sharp rise in the recognition threshold reach- 
ing a peak in 26 minutes and then gradually declining (graph 4). 

In the second experiment, influence of food in delaying absorption is demon- 
strated by the slow increase in threshold for the first 50 minutes, followed by a 
sharp rise. We have no explanation for the sudden fall in the threshold of this 
animal after the initial peak. No observations were made beyond 190 minutes. 
The animal was still definitely under the influence of alcohol at the end of this 
period, as it had poor coordination in walking when removed from the table. 

Morphine Sulfate. Two experiments with morphine as the analgetic agent 
were performed. In the first experiment we used 2.5 mgm. of morphine sulfate 
per kgm. subcutaneously. This dosage produced a peak threshold beyond the 
range of our stimulator and was discontinued (graph 5). 




Graph 4 Effect of Alcohol 

Solid line « 30 cc of alcohol (2 cc per hgm ) diluted to 120 cc given after 
fasting Broken line =• 20 cc of alcohol (1 33 cc per hgm ) diluted to 100 cc given one 
hour after food 



Graph 5 Effect of Morphine Solfate 
Total dosage 7 5 mgm (0 5 mgm per hgm , subcutaneously) 
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In the second experiment we administered 0.5 mgm. per kgm. subcutaneously. 
The peak threshold was reached in 27 minutes, then declined rather sharply. 
There was a second rise after 90 minutes which lasted about one hour and then 
started to fall rather sharply. Periodic observations were made for 200 minutes 
when the dog was returned to the cage. The next observation was made at the 
end of 440 minutes. At this time the reading was essentially normal, so that we 
do not know how long the analgesia persisted. 

Morphine Sulfuric Elker . l The only agent of unknown analgetic potency used 
was morphine sulfuric ether. As this compound is insoluble, the potassium salt 
was prepared. This salt is freely soluble. Previous studies (7) with this com- 
pound showed it has only a slight morphine action. It apparently produces 



Graph 6. Effect of the Potassium Salt of Morphine Svefuric Ether 
Total dosage 150 mgm. (10 mgm. per kgm-, subcutaneously) 

little or no narcosis in dogs, but does show slight analgetic action as evidenced by 
such crude tests as pinching. However, it does reduce abstinence symptoms in 
human addicts (8) (graph 6). 

The dog was injected subcutaneously with 10 mgms. per kgm. No nausea or 
narcosis was observed but it did produce a mild degree of analgesia. While the 
per kgm. dosage of this drug was twenty times that of morphine, the pain thresh- 
old increased only about of that observed with the smaller dose of morphine. 
However, the curve is very similar, there being a steep rise with a rather prompt 
fall and then a secondary rise. 

Discussion. In experiments on dogs using electrical stimuli a large variation 
in threshold of recognition was found. Day to day observations on the same 

* Morphine sulfuric ether was prepared by Dr. L. A. Small, Head Chemist, National 
Institute of Health. 
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animal are not constant, although approximately the same shin area was stim- 
ulated However, initial threshold was constant over several hours when the 
6ame area was stimulated Variations in initial threshold as experienced m the 
■various experiments cited are as follows* 2 10, 1 90, 2 15, 2 85, 3 35 and 3 40 
milliamperes Lamer (5) has shown that usmg electncal stimulation m man 
there is also a wide variation of threshold from individual to individual 
In the study of the skin twitch it was found that analgetic drugs failed to alter 
the threshold for this sign It was definitely proved not to be a direct muscle 
stimulation as it was altered bj local anaesthesia Furthermore it was found 
that after procaine injection there was a definite latent period in the increase in 
threshold for the shm tw itch in terms of original threshold over that for recogni- 
tion This suggests that fibers stimulated to give recognition response are of 
smaller size than those which give the shm twitch response The fibers stim 
ulated to give recognition response must have been afferent Those giving the 
muscle twitch could have been either afferent or efferent The fact that in the 
thermal response the muscle reflex and recognition parallel each other, makes it 
likelj that with the electncal stimulation there is activation of motor fibers to 
shm muscles as well as pain receptors It is a well known fact that sensory 
fibers are paralyzed b> local anaesthetics before motor fibers and this fact would 
explain the delay in onset of the skm twitch Thus the two phenomena with 
electncal stimulation do not parallel each other under the influence of analgetic 
drugs In the thermal method only pam receptors are stimulated (1) 

CONCLUSIONS 

1 An electncal method suitable for determining ‘ pain” threshold in animals 
has been desenbed 

2 With the electncal method of stimulation both motor fibers and pam re- 
ceptors are stimulated, while thermal stimulation affects only pain receptors 

3 A test of the method using drugs of proven analgetic potency shows that 
this method is satisfactory to test quantitativ ely the pam threshold in animals 

REFERENCES 

(1) Hardy, J D , H G Wolff, and H Goodell, Jr Clin Investigation, 19 649, 1940 

(2) Andrews, H L , and W Workman, This Journal, 73 99, 1941 

(3) Martin, E G , E L Porter and L B Nice, Psychological Review , 20 194, 1913, 

Grab field G P , and E G Martin, Am Jour Physiol , 31 300, 1913 

(4) Macht, D I,N B Herman, and C Levy, This Journal, 8 1,1916 
(6) Lanier, L H , Science, 97 49, 1943 

(6) Von Frey, M , J A M A , 47 645, 1906 

(7) Gross E G , Unpublished 

(8) Himmelsbacii, C K and H L Andrews This Journal, 77 17, 1943 



antipressor effects of orthoquinoid epinephrine 

DERIVATIVES IN EXPERIMENTAL HYPERTENSION 
IN THE RAT 1 

KURT A. OSTER-* and HARRY SOBOTIvA 
From the Department of Chemistry, Laboratories of the Mount Sinai Hospital, New York 

Received for Publication February 15, 1943 

The experimental induction of hypertension in animals by the production of 
renal ischemia has been ascribed to reactions similar to the incomplete catabolism 
of certain aromatic amino acids under anoxic or hypoxic conditions of the kidney, 
resulting in the accumulation of pressor amines (1, 2). In order to test the 
validity of this hypothesis, we attempted to counteract these pressor substances 
by the introduction into the body of chemical compounds designed to inactivate 
and destroy them. Regardless of the possibility of reconciling the above- 
mentioned hypothesis with observations on the renin-angiotonin system, the 
present observations may contribute to the elucidation of the mechanism under- 
lying experimental hypertension in rats. 

To clarify the position, substances which reduce the elevated blood pressure 
to the normal level may suitably be designated as “antipressor" substances, in 
contrast to “depressor” substances which lower the normal blood pressure. An 
ideal antipressor substance of possible therapeutic significance should, in the 
performance of its task, neither possess toxic properties per se nor give rise to 
secondary products with undesirable traits; it should have no depressor effect. 

A survey of the experimental facts of pressor amine catabolism (3) shows (a) 
that pressor amines may be attacked in the side chain or in the cyclic portion of 
their molecule, (6) that some intermediate products in either sequence of reactions 
have antipressor character, thus perhaps adding elasticity to the defense mechan- 
ism of the body against flooding with pressor amines, (c) that depressor sub- 
stances may be formed due to secondary reactions, (d) that the end products are 
excretable or inert and, (e) that significant differences in pressor amine catabolism 
may be expected between one animal species and another because of differences 
in their enzymatic equipment (4). 

The oxidation of phenolic pressor amines as well as of other mono- and diphe- 
nols by phenolases and catecholases leads to orthoquinoid intermediates, which 
may either polymerize to melanins or condense with amines, a general reaction of 
quinones leading to the so-called azophenins. The blood pressure lowering effect 
of fungus oxidases in experimental and essential hypertension may be attributed 
both to the simple destruction of pressor amines and to the intermediate produc- 
tion of antipressor orthoquinones (5). The latter mechanism has been brought 

1 A preliminary report of this work was delivered before the Sections of Medicinal and 
Biological Chemistry of the American Chemical Society at its Semiannual Meeting in 
Buffalo, Hew York, September 8 and 9, 1942. 

! George Blumenthal, Jr. Fellow. 
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into play in vitro as veil as in vivo, when mixtures of quinone precursors, aerated 
in the presence of heavy metal ions, were shown (a) to destroy, partly or com- 
pletely, the effect of pressor amines on the blood pressure of the anesthetized cat 
and (6) to lover the blood pressure of rats, made hypertensive by perinephric 
scar (6). 

A search for quinones which would answer the requirements of an ideal anti- 
pressor substance, enumerated above, led us to the study of orthoquinones of 
biological origin. The catechol ring, the precursor of the orthoquinone ring, 
occurs in the animal organism in the epinephrine molecule (I). A very unstable 
red substance has been obtained by Green and Richter when epinephrine solu- 
tions were exposed to the action of mushroom oxidase (7). This product, and 
similar ones formed by other enzyme systems and believed to be identical, has 
been designated as adrenochrome and formulated as A-methyl-2 , S-dihydro-S- 
hy droxindol-3 , d-quinone (formula II) 8 . More stable compounds may be ob- 
tained by the oxidation of epinephrine with iodate (9) or with bromine (7) ; both 
are dark crj'Stalline substances with a green lustre, form purplish red solutions, 
may be reduced to “leuko”-forms, and analyse respectively for f-jV-methyl-iodo- 

HO COH 

I I 

HOL ) /CHj 
HN' 

CH, 

I. Epinephrine 

(or bromo-) 2 ,3-dihydro~3-hydroxindol-5 ,3-quinone ,* they have been designated 
as iodo-adrenochrome and bromo-adrenochrome (II). These products are 
obtainable from I -epinephrine both of natural and of synthetic origin. Drs. J. S. 
Buck and C. Suter of Winthrop Chemical Company, Rensselaer, New York, have, 
in addition, prepared for us d , Modo-adrenochrome from racemic epinephrine 
and the related A-methyl-3-iodo-5,3-dihydro-S-keto-indole-5,3-quinone (/- 
methyl-2-iodo-S , 5 , ff-triheto-tetrahydi indole) (formula III), a substance of simi- 
lar appearance as the halogcno-adrenochromes, from adrenalone. The halogeno- 
adrenochromes, while more stable than their parent substance, may be kept intact 

1 Hcirman, (8a), describes the formation of another oxidation product of epinephrine 
by mushroom oxidase, subsequent to the formation of adrenochrome, and only at pH 7, 
not at pH 5 This ill-defined product, which lie did not isolate and w hich he terms “adren 
oxme," produced bradycardia and displayed depressor properties Blaschko and Schloss- 
man (8b) were unable to reproduce Heirman*s observations on the formation of adrenoxin 
in the enzymatic preparation of adrenochrome 

* The identity of the enzymatic oxidation product with the parent substance of the 
Uonenzymattc halogenated oxidation products is well substantiated. But whereas mush- 
room, potato and meal worm tjrosinase give rise to “adrenoxine, ""according to Hcirman 
(8a), "l'oxydation par les oxydants min^rau^ (permanganate de soude, iodate de potas- 
sium) ne la fait jamais apparaltre ” 
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II. X=H: Adrenochrome; 
X=I ilodoadrenochrome; 
X=Br: Bromoadrenochromc 
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for a limited time only, and while the methods of preparation described in the 
quoted references have given to us and others satisfactory yields of material of 
proper appearance and composition, the keeping qualities of individual batches 
vary widely in a not yet predictable manner. 

The effects of these substances will be described and discussed in the following 
sections. 

Methods. We have used adrenochromes in amounts from 5 to 100 mgm. per rat with 
0.5 cc.-l.O cc. of olive oil or propylene glycol aB vehicle. The subatancea form suspensions 
in oil, but they dissolve at least partly in propylene glycol. However, according to the 
degree of decomposition, melanin-like products are present which do not dissolve in 
propylene glycol. 
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Fig. 1. Effect of Intraperitoneal Injection of 10 Mom. Iodo-adrenochrome on 
4 Successive Days in Hypertensive and Normal Rats 
Curve 1. V — V, hypertensive controls without injections (3 animals). 

Curve 2. A — A, normal rats (4). 

Curve 3. X — X, hypertensive rats (4). 

The arrows indicate days of injection. 



The route of administration was by intraperitoneal or intramuscular injection. Neither 
olive oil nor proplyene glycol, in the same or in larger amounts than those used as vehicles 
and administered by the same routes, affected the blood pressure of normal or of hyper- 
tensive rats. 

Hypertension was induced in the animals by wrapping either one or both kidneys with 
cellophane. Adult male albino rats weighing 250-370 grams were used. Experiments were 
begun when the blood pressure bad reached and maintained for two weeks a plateau at 
least 40 mm. Hg above the normal blood pressure. The animals were kept on a normal 
diet ad lib. 

The blood pressure was estimated by the method of Williams, Harrison, and Groll- 
man (10). The rectal temperature of the rats was recorded and they were placed for at 
least 10 minutes in a well ventilated heat box kept at 38 ± 1° prior to blood pressure meas- 
urement.' Three readings were taken once a day and the average recorded. Curve 1 
(fig. 1) illustrates the measurements over one week on 3 rats whose combined average blood 
pressure fluctuated through a range of 5 mm. during this period. 
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Observations ON normal r\ts. Experiments with iodo-adrenochromc. The 
intraperitoneal injection of 10 mgm. of iodo-adrenochromc in 0.5 cc. of olive oil 
into 4 normal rats, repeated on 4 successive days, scarcely affected the blood 
pressure (Curve 2, figure 1). Intramuscular injection of 50 and 100 mgm. of the 
same substance in olive oil into 2 pairs of normal rats, repeated on 4 and 3 succes- 
sive days respectively, likewise left the blood pressure unaltered and did not 
produce any toxic symptoms (Curves 4 and 5, fig. 2). 

Observations on hypertensive rats. Effects of iodo-adrenochromef Five 
hypertensive rats were treated on 4 successive days with intramuscular injec- 
tions of 5 mgm. of iodo-adrenochromc in 0.5 cc. propylene glycol. Their blood 



• 23456769 

Fio. 2 Effect of Intramuscular Injection of Iodo-adrfnochrome on Hypertensive 
and Normal Rats 

Curve 4. A — A, 60 mgm p d. in normal rats (2 animals) 

Curve 6 100 mgm in normal ratB (2) ^ 


The arrows indicate days of injection 

pressure dropped 15 mm. on the average during this treatment and returned to its 
original plateau in about as many days (Curve 8, fig. 2). 

Three other hypertensive rats received intrapentoneally 10 mgra. of iodo- 
adrcnochrome in oil on 4 successive days with a resulting maximal drop in blood 
pressure of 75, 65, and 60 mm. In a fourth rat 2 similar injections produced a 
drop of 35 mm With the exception of 1 rat, the blood pressure returned to 
hypertensive levels within a week after discontinuance of the injections. A com- 
posite graph of these 4 rats is given in Curve 3, figure 1. 

Three hypertensive rats received 3 times 10 mgm. of iodo-adrenochrorae in oil 
suspension each by intramuscular injection, the maximal drop was 40, 35, and 
30 mm. and the gradual return to their plateau is illustrated in Curve 6, figure 2. 

* No difference was observed between iodo-adrenochrorae prepared from levorotatory 
and from racemic epinephrine 
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Twelve hypertensive rats received intramuscular injections of 10 mgm. of 
iodo-adrenochrome in propylene glycol each on successive days. The injections 
" discontinued individually after a drop of about 40 mm. had been observed. 
This occurred after a single injection in 2 rats (-45, -40 mm.), after 3 injec- 
tions in 4 rats (—40, —40, —35, and —30 mm., see composite Curve 7 in figure 
2), after 4 injections in 4 more rats (-40, -40, -30, and -25 mm.) and after 

5 injections in 2 rats ( 60, and — 40 mm.). With a single exception all animals 
returned gradually to their original hypertensive level or a few points above 
during a week after cessation of treatment as illustrated in the “three-injection” 
group. 

The individual records of a group of 8 hypertensive rats which received 100- 
120 mgm. of iodo-adrenochrome by intramuscular injection in propylene glycol 
over a period of 6 to 8 successive days are given in Table 1. Under this intensive 
course of injections the blood pressure drop was sustained for prolonged periods in 
all animals except no. 4. The maximum antipressor effect was reached before 
cessation of treatment with the possible exception of rat no. 2. At the end of the 
third week, i.e. two weeks after the last injection, the blood pressure was still near 
its lowest level in this rat, but it had returned half way in three animals and had 
reached its original high level in all other animals; among these, three had 
showed abrupt rises of 35 to 40 mm. Hg from one day to another 5-10 days after 
the last injection. 

Effect of 2-bromo-adrenochrome. Four intraperitoneal infections of 10 mgm. 
each of the bromo-derivative in oil suspension depressed the blood pressure from 
165 to 120 mm. in 1 rat, and from 180 to 130 in another. After the injections 
were stopped, the blood pressure rose slowly and reached the original level after 

6 and 8 days. 

Effect of 1 -mclhyl-2-iado-3 ,5 ,6-lriketo-letrahydrindole. Four intraperitoneal in- 
jections of 10 mgm. each of a suspension of this substance in olive oil did not 
consistently lower the blood pressure in 2 hypertensive animals. Two intramus- 
cular injections of 20 mgm. of a different batch, dissolved in propylene glycol, 
lowered the blood pressure in 4 rats by 40, 30, 30, and 15 mm. 

Preparations of adrenochrome derivatives whose appearance indicated over- 
oxidation or polymerization and which had become insoluble in propylene glycol, 
left the blood pressure of hypertensive rats unchanged when injected in the same 
quantity and manner. This observation further confirms the specificity of the 
adrenochrome effect. 

No correlation existed between the slight fluctuations of the animals’ rectal 
temperature and the antipressor effect of any adrenochrome derivative. The 
animals showed no tendency to lose weight during the experiments. 

Preliminary tests with oral administration on six successive days of 50 mgm. 
portions of iodo-adrenochrome, mixed with a diet limited to 4 grams of ground 
rat cakes per day per rat, failed to influence the blood pressure in six hypertensive 

A total of over 5,000 mgm. of iodo-adrenochrome and smaller amounts of the 
other derivatives were administered to over 60 rats in 300 individual experiment*. 



AKTIPRESSOR EFFECTS OF EPINEPHRINE DERIVATIVES 


105 


The above experiments in normotensive and hypertensive rats demonstrate that 
lodo and bromo adrenochrome fulfill for this species the requirements postulated 
for an antipressor substance They low er the blood pressure of the hypertensive 
animals over a period of days The blood pressure returns gradually to its pre- 
vious hypertensiv e level after the injections arc stopped, which proves that the 

TABLE 1 


Indnidual blood pressure records of 8 hyperlensne rats during and after treatment by intra- 
muscular injection of todo adrenochrome in propylene glycol 



The vertical lines right next to the blood pressure data indicate the period during which 
daily injections of 20 mgm weTe given following the blood pressure measurement The 
second vertical line to the right includes the period when this treatment was continued 
with a daily dose of 10 mgm , whereafter administration of lodo adrenochrome was dis 
continued 

nephrogenic hypertensive mechaniMn still persists The tested substances have 
no influence upon the blood pre&sure of normotensive animals They do not 
produce fever nor are they toxic m doses even ten times larger than those neces 
sary to lower the blood pressure of the hypertensiv e animals 
Quite recently, similar observ ations, based on the same conception of pressor 
amine destruction, have been reported with certain synthetic paraquinones (11) 


F 
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The following experiments were performed in order to elucidate the mechanism 
of these effects. 

Atropine. One-half mgm. of atropine sulfate was injected intramuscularly 
together with 10 mgm. of iodo-adrenochrome per day per rat into five hyperten- 
sive rats on four successive days. The lowering effect on the blood pressure was 
of the same size as in the experiments without atropine. The same amount of 
atropine without iodo-adrenochrome had no effect on the blood pressure of the 
hypertensive animals. 

Thus the attempt to block the parasympathetic receptor mechanism by 
atropine failed to suppress the antipressor action of iodo-adrenochrome. 

Acute tests and in vitro experiments. Acute experiments with iodo-adren- 
ochrome. Three normal cats and six normal rabbits were anesthetized by intra- 
peritoneal injection of 30 mgm. of nembutal per kilo of body weight and the 
blood pressure was recorded from a femoral artery. Intravenous injection of 
50-100 mgm. of iodo-adrenochrome, either in a fine suspension in physiological 
saline or in a propylene glycol-saline mixture, did not lower the blood pressure of 
these animals. Similarly a hypertensive “Goldblatt” dog with a blood pressure 
plateau of ISO mm. Hg did not respond to the injection of 200 mgm. of iodo- 
adrenochrome under the same experimental conditions. 

These observations indicate that iodo-adrenochrome has no acute depressor 
effect due to either dilatation of the vessel walls or inhibition of choline esterase. 6 

The cats and rabbits used in the above tests received, within 10-30 minutes 
after the injection of iodo-adrenochrome, 0.5 mgm. of tyramine hydrochloride or 
0.1 mgm. epinephrine in 1.0 cc. of saline by the intravenous route. The response 
to these pressor amines was the same as that before the injection of iodo-adreno- 
chrome. This permits the conclusion that iodo-adrenochrome does not exert a 
sympatholytic effect such as that of ergotamine or the dioxane derivatives of 
Fourneau, nor does it produce a Dale reversal for epinephrine. 

Continuous infusion of tyramine hydrochloride. 1 : 10,000 in saline at a rate of 
about 40 drops per minute caused an increase in the blood pressure of two cats to 
a plateau about 50 mm. Hg above the initial level. A few minutes after the 
plateau was reached, three repeated injections of 20 mgm. each of iodo-adreno- 
chrome failed to lower the elevated blood pressure. 

The above results make it unlikely that the antipressor effect of iodo-adreno- 
chrome is mediated by the autonomic nervous system or by direct action upon 
the smooth muscles of the vessel walls. The adrenochromes seem to interfere 
with the effectiveness of whatever pressor substance is operative in the experimen- 
tal hypertension of the rat. 

SUMMARY 

Adrenoehrome derivatives when administered parenterally lower the blood 
pressure of experimentally hypertensive rats but do not affect the blood pressure 
of normal animals. No toxic manifestations or fever are observed. The 

* Other oxidation products of epinephrine have been described as inhibitors of choline 
esterase (12). 
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halogeno adrenochromcs fulfill for the rat the requirements postulated for an 
antipressor drug 

Acute experiments eliminate as explanation of the obsert ed effects a parasym- 
pathomimetic, direct muscular or sj mpatholytic mechanism 

The catabolism of pressor amines is discussed and a chemical mechanism for 
the antipressor effect of qumones is suggested with due regard to species dif- 
ferences 
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In this laboratory we have known (or several years that Carbarsone (p-carb- 
amino-phenyl arsonic acid), a drug that now enjoys extensive use in the treat- 
ment of amebiasis, possesses trypanocidal properties of a distinctly high order. 
With a single oral dose of this compound it is usually possible to effect a radical 
cure of the acute infection of rats and mice with Trypanosoma equipcrdum and 
also to cure rabbits, in which animals the infection runs a more chronic, syphilis- 
simulating course. Occasional deaths among animals receiving average sub- 
lethal doses of Carbarsone or related compounds has stimulated interest in some 
of the factors that control the toxic action of arserucals and, as a corollary, in the 
mechanism of trypanocidal action. 

In this connection, our attention was turned to the general thesis elaborated by 
Fildes (1) and his associates (2, 3) to account for the bacteriostatic action of sul- 
fonamide drugs on the basis of their specific inhibition by the structurally similar 
compound, p-aminobenzoic acid. As shown by Hirsch (4) p-aminobenzoic acid 
also inhibits the bacteriostatic action of “Atoxyl” (p-aminophenyl arsonic acid) 
in intro. Extending the phenomenon into the field of parasitic protozoa, it was 
demonstrated by Maicr and Riley (5) and by Marshall cl al (G) that p-amino- 
benzoic acid inhibits the action of those sulfonamides that are active against the 
malarial parasites, Plasmodium lophurac in the chicken and P. galhnaceum in 
the duck. 

In view of the structural relationship between “Atoxyl”, “Tryparsamide” and 
Carbarsone, on the one hand, and sulfanilamide, on the other, it was deemed of 
interest to determine whether a similar mechanism underlies the susceptibility of 
pathogenic trypanosomes to the aforementioned pentavalent arsenical com- 
pounds. Accordingly, a trial experiment was set up in which small groups of 
rats infected with T cguiperdum were treated as follows: 

1. daily i.-v. doses of 1000 mgm /kg- °f p-aminobenzoic acid 1 

2. daily i -v. doses of 1000 mgm /kg of p-ammobenzoic acid plus a single small 
subcurative dose of Carbarsone, 

3. daily doses of p-aminobenzoic acid plus a high dose of Carbarsone (500 
mgm./kg i.-v.). 

1 In choosing this dose w* were guided by the report of Scott et al. (7) of these laboratories 
on the tolerance limits of various animals for p-aminobenzoic acid. 
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The purpose of the high dose of p-aminobenzoic acid and its daily administra- 
tion was to avoid any minimal or evanescent inhibitory effect that might be 
masked by the rapid excretion of p-aminobenzoic acid in the presence of a more 
slowly excreted arsenical. If p-aminobenzoic acid were able to inhibit the 
trypanocidal action of Carbarsone, it was hoped that blood examinations at 
frequent intervals would reveal this effect when the concomitant dose of Car- 
barsone was high, even though the rats might later die from arsenic poisoning. 

The result of our preliminary experiment was interpreted as showing: 

(a) that p-aminobenzoie acid per se was not trypanocidal (all the rats died of 
trypanosomiasis about the same time as did the untreated controls) ; 

(b) p-aminobenzoic acid in a high dose did not inhibit the trypanocidal action 
of a subcurative dose of Carbarsone (trypanosomes disappeared from the periph- 
eral blood of the rats but reappeared a few days later and killed the animals); 

(c) with the high dose of Carbarsone, again p-aminobenzoic acid showed no 
interference with trypanocidal action (several of the rats were completely cured). 

To us the most interesting and, at the same time, the least anticipated outcome 
of this experiment was the observation that, in contrast with previous extensive 
experience with the intravenous administration of Carbarsone in high doses, 
none of the rats that received 500 mgm./kg. of Carbarsone in conjunction with 
p-aminobenzoic acid died before the fifteenth day, while most of them survived 
the full thirty-day observation period. 

To rule out the possibility of a technical error, e.g., in dosage, as well as to 
determine whether the high survival rate was to be ascribed more properly to 
the vagaries of statistically non-significant chance rather than to a genuine 
detoxication of Carbarsone by p-aminobenzoic acid, the experiment was repeated. 
When the results of the first trial were essentially duplicated, more experiments 
were designed to explore the range of the detoxicating action of p-aminobenzoic 
acid not only with Carbarsone but also with other arsenical drugs. 

The present report* is restricted to some of the well known substituted phenyl 
arsonates, leaving a consideration of the rather different situations that obtains 
with respect to certain trivalent arsenicals for a later publication. 

Expbrimehtau procedure. Solely to facilitate calculation of dosage in rat protection 
experiments, preference was given to the use of animals weighing approximately 100 grams. 
Otherwise no selection as to sex or age was made from our stocks of heterogeneous races 
of rats secured from several dealers. With the depletion of stocks, we have often used 
rats weighing from 80 to nearly 200 grams without detecting any essential difference in 
the protection afforded by p-aminobenzoic acid. All rats, including the controls essential 
to each experiment, were maintained on a regular diet of well balanced commercial "Chow” 
in large communal cages. For parenteral as well as oral administration, the various 
sparingly soluble phenyl arsonic acids and p-amino-benzoic acid (C. P. quality) were made 
up daily into 5 to 20% aqueous solution by adding the necessary quantity of N/1G alkali. 
Since unprotected animals rarely lived beyond the seventh day while protected animals 
lived indefinitely, tests were usually brought to a conclusion from 10 to 14 days after the 
administration of the arsenical drug, 

* ' 

* A preliminary report of these findings was made in "Science,” January, 1943. 
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The results of some typical detoxication experiments arc collated and sum- 
marized m table 1 

TABLE 1 


Detoxication of pentaialent arsenical compounds by p amtnobemoic acid 


nine 

^•AXINOBENZOIC ACID 

rroue r* or 

PCXCZNTAce 

SOXYIVAL 

Formula 

Dose i 

Mode of 
idminutrt 
Uoa 

Dose 

Mode of 
tdmlnutra 
tion 

Used 

Sur 

vived 

With 

P Amino 
benzoic 
acid 

Con 

trots 


T' 


ftps /If 






Carbarsone 

500 

i m 

2000 X 4 

i -p 

24 

22 

91 


OH 

500 

l m 

controls 


24 

4 


16 

750 

i \ 

1000 X 6 

oral 

10 

10 

100 


fV H 

750 

l -V 

controls 


7 

1 


14 

x) 

1000 

1 V 

1000 X 3 

1 P 

20 

IS 

90 


1000 

1 V 

controls 


31 

4 


13 

NHCONH* 


1500 

1 -p 

3000 X 3 

oral 

15 

13 

87 



1500 

» p 

controls 


45 

0 


0 

“Tryparsarmdc” 

i 2500 

sub cut 

2000 X 3 

oral 

10 

10 

100 


OH 

i 2500 

sub cut 

controls 


10 

6 


60 

0=As^ 

AoNa 

| 3000 

oral 

1000 X 3 

i-p 

10 

8 

80 


1 3000 

oral 

controls 


10 

3 


30 

u 

3200 

» P 

1000 X 3 

i -p 

16 

14 

87 


NIICHxCONTU 

3200 

» P 

controls 


20 

5 


19 

Acetarsone 

4000 

oral 

2000 X 3 

* P 

10 

9 

90 


OH 

4000 

oral 

controls 


10 

6 


60 

0=Aa^ 

f V< ° H 

400 

i p A 
i m 

2000 X 3 

oral A. 

i -p 

40 

35 

87 



400 

i p 4. 

controls 


20 

0 


0 

^yNHCOCH, 


l m 







OH 









Arsamhc acid 

250 

i P 

2000 X 4 

i P 

10 

10 

100 


OH 

250 

i P 

controls 


10 

5 


50 

0=,\if 

Aon 

350 

i P 

2000 X 2 

i -p 

10 

10 

100 


350 

i P 

controls 


9 

5 


55 

u 

NH» 

400 

i P 

2000 X 3 

1 P 

10 

io : 

100 


400 

» P 

controls 


22 

2 


9 
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TABLE 1 — Continued 


DRUG 

£-AMINOBENZOie ACID 

NUMBER OT 
RATS* 

PERCENTAGE 

SURVIVAL 

Formula 

Dose 

Mode of 
administra- 
tion 

Dose 

Mode of 
administra- 
tion 

Used 

Sur- 

vived 

With 

f>-amino 

benzoic 

acid 

Con- 

trols 



ngm.f 

kg. 


mgmjkg. 


■ 




Phenyl arsonic acid 

so 

i.-p. 

3000 X 3 

i.-p. 

1 

13 

92 



O o 

w w 

50 

i.-p. 

controls 


m 

2 


14 

0= 

60 

i.-p. 

3000 X 3 

i.-p. 

30 

10 

300 



60 

i.-p. 

controls 


10 

0 


0 



70 

i.-p. 

3000 X 3 

i.-p. 

10 

10 

100 


'V' 

70 

i.-p. 

controls 


10 

0 


o 


* Some of the results presented here are aggregates of several smaller experiments con- 
ducted at various times with the arsenical dosage specified. 


Discussion. So large has been the number of animals used in the toxicity 
experiments summarized in the foregoing table, and so high is the difference in 
the survival rate among rats that have received p-aminobenzoic acid, that it is 
unnecessary to seek the aid of statistical analysis to establish, beyond question, 
the protective r61e played by p-aminobenzoic acid. Critically measured, as it 
has been in these experiments, by the extreme criteria of death or indefinite sur- 
vival, following a single administration of the arsenical, the detoxicating prop- 
erties of p-aminobenzoic acid will be recognized as being of an order much super- 
ior to that of certain detoxicants of other toxic principles where the order of 
protection is measured by a meie prolongation of the experimental animal’s 
life for a few days beyond that of the controls, or where protection can be de- 
monstrated only by a comparison of the extent of histological damage in treated 


and control animals. 

The protective action of p-aminobenzoic acid can be detected in the majority 
of rats within 24 hours of administration. While death may sometimes super- 
vene earlier, the toxic effects of pentavalent arsenicals (in contrast to trivalent 
arsenicals) are, as a rule, of the delayed type. The onset of toxic symptoms is 
marked, usually, with a diarrhea which may become sanguineous. Symptoms 
referable to the effect of the drug on the central nervous system commence to 
develop in about 24 hours and take the form of torticollis, head tic, tremors and 
gyrations (so-called “waltzing”). The rat goes off feed; if it does not die earlier, 
by the third day emaciation with matting of the eyelids and whiskers by the 
coproporphyrin-containing excretion from the Harderian glands (8) becomes 
evident. A flaccid paralysis of the hind quarters is often the harbinger of death. 
Some rate, however, miraculously recover when they appear moribund Signs 
of arsenic poisoning may appear in p-aminobenzoic acid treated rate, but the 
majority either show no signs of poisoning or the stigmata are mmunal and 


transient. 
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Extended consideration of the dosage of p-aminobenzoic acid is reserved for 
treatment in a subsequent paper in this series, but a few remarks at this point 
may indicate the reason for the high dosage used and multiple treatments. In 
this connection we may emphasize the fact that the arsenic detoxicating capacity 
of p-aminobenzoic acid is an incidental discovery and much remains to be learned 
about it. Because of the notorious variability in the tolerance of individual rats 
to arsenical poisoning, it is almost as difficult to establish the minimum LDm 
as it is to determine the minimum LDio without undertaking experiments on a 
large number of animals. For this reason it has not been deemed desirable at 
the present juncture to determine accurately the number of lethal doses (or 
LD w ’s) of the various pentavalent arsenicals against which p-aminobenzoic acid 
affords complete protection. Since it is reported (9) that p-aminobenzoic acid, 
like benzoic acid, (10) is rapidly absorbed by mouth and almost entirely excreted 
by way of the kidneys within 24 hours, and since it is generally believed that the 
pentavalent arsenicals are rather slowly and only partially eliminated (11) so 
that some of the symptoms of poisoning are attributed to a cumulative action 
of unexcreted arsenic, it was considered necessary to establish a high p-amino- 
benzoic acid concentration in the blood and to maintain it until all danger had 
passed. Work still in progress in our laboratory proves conclusively that in 
nearly all of our previous experiments (summarized in thepreceding table) more p- 
aminobenzoic acid was administered than was necessary to protect the majority 
of rats. In fact, the dosage in certain instances was so high as to approach the 
limit of p-aminobenzoic acid tolerance and perhaps even to account for the 
death of a few rats that might otherwise have survived. 

Finally, it may be of interest to note that, aside from the efforts of organic 
chemists since the time of Ehrlich to introduce a variety of side chains into the 
benzene ring of p-aminophenylarsonic or arsanilic acid (so-called “Atoxyl”) with 
the main purpose of reducing the high toxicity of this basic compound, no ef- 
fective method is recorded of lessening the hazard of medication with the several 
pentavalent arsenicals now in clinical use. This is in contrast with the appar- 
ently successful attempts that have been made to reduce toxicity, both acute and 
chronic, of the trivalent arsenicals. Thus, Voegtlin, Dyer and Leonard (12) 
have shown that "nrsenoxide” (m-amino p-hydroxy phenyl arsenoxide) in 
otherwise lethal quantities could be safely administered to rats when accompan- 
ied or preceded by an injection of reduced glutathione or certain other sulphydryl- 
rich compounds, while Durel (13) demonstrated the value of ascorbic acid in 
reducing the toxicity of “novarsenobenzol” (Neoarsphenamine) in mice. In ad- 
dition there are now many clinical reports of the value of ascorbic acid, liver ex- 
tracts, etc., in counteracting an induced sensitivity or in preventing the toxic 
side actions in patients under treatment with Neoarsphenamine. 

With reference to the detoxicating effect of p-aminobenzoic acid against the 
pentavalent arsenicals, it may be recalled that Fildes (loc. at.) made the inter- 
esting suggestion that p-aminobenzoic acid, in addition to inhibiting the bacterio- 
static action of the sulfonamides, might be expected to counteract the toxic 
effects that sometimes accompany medication with sulfanilamide. No support, 
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however, has' been found for this conjecture in the clinical studies of Strauss 
and Finland (14). Further work that we hope soon to publish shows no direct 
relationship between the chemical structure of the particular phenyl arsonates 
and the detoxicating agent. 


SUMMARY 

1. p-aminobenzoic acid has been found highly effective in reducing fatalities 
among rats to which high, acutely poisonous doses of Carbarsone, Acetarsone, 
“Tryparsamide”, arsanilic acid, and phenyl arsonic acid have been administered. 
No close structural similarity exists between these several phenyl arsonates and 
p-aminobenzoic acid. 

2. Detoxication is independent of the route whereby either the phenyl arsonic 
compound or the p-aminobenzoic acid is given. 

3. No inhibition by p-aminobenzoic acid of the trypanocidal action of Car- 
barsone, “Tryparsamide” or arsanilic acid ( = “Atoxyl”) was detected in rats 
infected with Trypanosoma equiperdum. 
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In former communications (1 and 2) the authors reported their studies on the 
anesthetic properties of cyclopropyl methyl ether (Cyprome Ether) and its isomer 
allyl methyl ether. The former gave promise in its pharmacologic investigation 
and has been used successfully in man (3). The latter was irritating and hepato- 
toxic to several species of laboratory animals and was hence not used clinically. 
In the study of the isomers of cyprome ether the authors prepared one of its 
isomers in which the double bond is attached to the carbon atom united with the 
oxygen atom of the ether linkage. The structural relationships are apparent 
from the following formulas. 


CHj 


H H H 


HiC 


-0 — CHj 


i_C— i-O-CH, i=c— O-CH, 

h ia 


Cyprome Ether 


h i 

Allyl Methyl Ether Isopropcnyl Methyl 
Ether 


Isopropcnyl methyl ether is a volatile, colorless liquid with a characteristic 
ethereal odor; it boils at 35°C. and has a specific gravity of 0.763 at 25°C. 

Anesthesia in the monkey. Five large Rhesus monkeys were each anesthetized 
twice with isopropenyl methyl ether. The technic is described in detail in our 
previous communication (1). The induction period was short; frequently the 
animals passed into the first plane of surgical anesthesia without struggle. Dur- 
ing induction, salivation w as not marked and the bronchial tree remained quite 
free from mucus throughout the anesthesia. Surgical anesthesia was uneventful. 
Breathing w as often stertorous but deep and regular. Relaxation of the muscu- 
lature of the abdomen and extremities was complete under surgical anesthesia. 
There were no incoordinated leg movements during anesthesia. Pain reflexes 
were abolished Recovery from anesthesias of 15 minutes duration was very 
prompt, resembling the recovery from divinyl oxide anesthesias. There was 
little excitation during the recovery period. The quantities of isopropenyl 
methyl ether required were approximately two-thirds of the amounts of ethyl 
ether required for similar anesthetic syndromes. 

Anesthetic index (dog). The general plan of administering the anesthetic was 


1 The expense of this investigation n as defrayed in part by a grant from the Ohio Chemi- 
cal and Manufacturing Go. of Cleveland, Ohio 
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the same as that described previously (1). However, when isopropenyl methyl 
ether was administered at the rate of 0.5 cc. per minute the animal frequently 
regained consciousness during the intervals between doses. With this agent we 
adopted the plan of administering 2 cc. of the agent at the beginning of induction 
and 1 cc. per minute to respiratory failure. Three dogs were used to determine 
the anesthetic index of ether using the larger dosage. The values appeared to 
be approximately 20% higher than when the dosage of 0.5 cc. per minute was 
used. All animals recovered when artificial respiration was instituted. Making 
allowances for density differences isopropenyl methyl ether appears to be approx- 
imately twice as potent as ethyl ether in the dog. The difference between the 
induction dose and the respiratory arrest dose of ethyl ether is 1 cc. per kgm.; 
with isopropenyl ether it is 2 cc. per kgm. The data are shown in table 1. 

Blood pressure studies (dog). The effect of isopropenyl methyl ether on the 
blood pressure was determined by cannulating the femoral artery under procaine 


TABLE 1 
Anesthetic index 


DOG NUMBER 

SEX 

WEIGHT 

INDUCTION 

RESPIRATORY’ 

FAILURE 

ANESTHETIC 

INDEX, 



tgm 

cc./kgm 

cc./kgm. 


1 

F 

8.5 

0 47 


5.26 

2 

F 

10.5 

0.48 


5.36 

3 

M 

10.4 

0.48 

2.98 

6.21 

4 

M 

8.4 

0.48 

1 2.14 

4.46 

5 

M 

11.5 

0.44 

1.83 

4.16 

6 

F 

7.0 

0 43 

2.00 

4.65 

7 

F 

5.8 

0.52 

2.41 

4.63 

8 

M 

8.3 

0.60 

3.50 

5 83 

Mean 

0.49 

2.49 

5.07 


anesthesia and preparing the animal for a blood pressure tracing in the usual 
manner. The respiratory tracings were made by means of a chest tambour. 
After a normal tracing, isopropenyl methyl ether was administered by the same 
technic employed to measure the anesthetic index. In four experiments re- 
spiratory failure occurred before cardiac stoppage. The blood pressure was 
depressed slightly at the plane of surgical anesthesia and deeply at the point of 
threatened collapse. 

Electrocardiographic studies ( monkey ). Three Rhesus monkeys were anesthe- 
tized twice with isopropenyl methyl ether and were kept at the surgical level 
for 10 minutes. Just prior to anesthesia, and during surgical anesthesia, electro- 
cardiograms were made. During the six anesthesias neither animal revealed 
any significant differences in the rate, form or regularity of the E.C.G. 

Effect on perfused heart (frog). Isopropenyl methyl ether was dissolved in 
Howell-Ringer’s solution and perfused through the frog’s heart in situ. The 
dilution which demonstrated a liminal effect within one minute was determined 
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to be approximately 0 007 molar A concentration of 0 014 molar (100 mgm 
%) was perfused repeatedly for long periods of time In 7 animals 0 014 molar 
isopropen> 1 methyl ether produced slight diminution in rate and amplitude of 
beat as a typical effect Occasionally after long perfusion an extra S} stole was 
observ ed and the refractory period w as prolonged Eth> 1 ether in concentra 
tions of 0 014 molar caused similar effects in these experiments 

Lner /unriion fcsls (monkey) Three Rhesus monkey s were subjected to the 
brom^ulphthalein liver function test as set forth in former studies (4) Twenty 
four hours after a 30 minute anesthesia with ispropenyl methyl ether the d>e 
excreted, in all cases, was not significant!} different from the preanesthetie ex- 
cretion rate 

Blood chemistry studies ( monkey ) Three Rhesus monkeys were anesthetized 
to the surgical plane of anesthesia for 15 minutes with isopropenyl methyl ether 
Pnor to anesthesia and 24 hours later blood samples were drawn for analysis 
No significant changes were observed m carbon dioxide combining power or 
urea nitrogen 


TABLE 2 

Induction concentration tr» mice 


PAITIAIPMSSOIE 

CC rt*UTE* 

E I 

NUVDtR OP MICE 
USED 

PE* CENT 
ANESTEETlttO 

% 





2 

0 OS 

6 

10 

0 

2 5 

0 10 

6 

10 

0 

3 

0 12 

5 

10 


4 

0 16 

6 1 

35 

91 


Concentration required for anesthesia (mouse) The concentration of isopro 
penyl methyl ether required to induce anesthesia was determined by typical 
partial pressure experiments described prev lously (1) The results are show n in 
table 2 With ethyl ether, in our previous studies, 4% partial pressure produced 
no anesthesias and 5 % anesthetized 40% of the animals 

Delayed anesthetic deaths (rat) Twenty male adult rats were anesthetized 
with isopropenyl methyl ether to the surgical plane and maintained in this con 
dition for one half hour This was repeated every 4 days on 5 animals for 3 
weeks One of the 20 animals died 4 days after anesthesia and one animal of 
the group died after 4 anesthesias 

Histological studies of viscera {rat, dog, monkey ) Twenty of the rats used m 
the delayed anesthetic death experiments were sacrificed for histological study 
Their livers and kidneys were found to be free from significant changes Three 
dogs were anesthetized lightly with cyclopropane and liver biopsies performed 
The anesthetic agent was changed to isopropenyl methyl ether and maintained 
at the surgical level for one hour and a second hepatic biopsy performed There 
were no significant pathological findings Three Rhesus monkeys were sub 
jected to the foregoing biopsy procedure as performed on the dogs The findings 
in this series coincide with those described with the dog anesthesias 
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Clotting time and hemolysis ( monkey ). The clotting time of blood was deter- 
mined in 2 normal Rhesus monkeys by the capillary tube method. The average 
clotting time was approximately one minute. Within the error of the experi- 
ment this period was neither diminished nor increased under surgical anesthesia 
with isopropenyl methyl ether. 

Ten cc. volumes of isopropenyl methyl ether of varying concentrations in 
normal salt solution were maintained at 37°C. To each of these was added 
0.1 cc. of defibrinated dog’s blood and the time required for hemolysis was ob- 
served. After 4 hours at 37°C. concentrations of 100 mgm. % produced no 
hemolysis. At room temperature concentrations were studied up to 200 mgm. 
% for a period of 5 hours. During this period no hemolysis was observed. 

Preanesthetic medication ( monkey and dog). With monkeys and dogs mor- 
phine-atropine medication influenced the anesthesia with isopropenyl methyl 
ether in the same manner in which it affects the anesthesia of ethyl ether. In 
monkeys inducing isopropenyl methyl ether anesthesia with nitrous oxide-oxy- 
gen or cyclopropane-oxygen mixtures was uneventful. Preanesthetic medica- 
tions with pentobarbital sodium was found to be entirely compatible with iso- 
propenyl methyl ether anesthesia. Eight experiments in all were conducted. 

Physical properties. Solubility in water. Four cc. of isopropenyl methyl ether 
was mechanically agitated with 100 cc. of water for 2 hours at 25°C. in a “Cassia 
Flask.” The two liquids were allowed to separate for 12 hours and the volume 
of the supernatant isopropenyl methyl ether was measured. ~ The solubility of 
isopropenyl methyl ether was found to be 1.2 cc. in 100 cc. of water. 

Hydrolysis studies. It is well established that a-unsaturated ethers do not 
enjoy the stability to hydrolysis that is characteristic of saturated ethers. Iso- 
propenyl methyl ether was observed to be rapidly hydrolyzed in water acidified 
by strongly dissociated acids according to the following equation: 


HsC=C — O — CHj + HOH Ed \;0 + OH, -OH 

Ah, ch - 

In neutral water this hydrolysis occurred slowly. This prompted us to study 
the hydrolytic rate in phosphate buffer pH 7.4. In this solution more than 
3 grams of the anesthetic hydrolyzed within 1 hour by agitation with 100 cc. 
of the buffer solution at 25°C. The fate of the anesthetic in the blood accord- 
ingly became a matter of serious consideration. 

Fate in blood (monkey). As isopropenyl methyl ether is almost instantly con- 
verted into acetone and methanol by contact with strongly acidic solutions, the 
determination of acetone in the blood in the presence of the undecomposed 
anesthetic required a careful procedure. Monkeys were anesthetized and the 
freshly drawn blood was hemolyzed by the addition of water containing alkali. 
This was distilled into neutral permanganate solution which oxidized the unhy- 
drolyzed anesthetic but not the acetone. The acetone was distilled and deter- 
mined colorimetrically by the method of Behre and Benedict (5). The method 
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was found to be reliable on fresh blood samples containing known amounts of 
isopropenyl methyl ether and acetone. 

During short anesthesias (15 to 30 minutes) with isopropenyl methyl ether 
the blood of the monkey contained from 15 to 30 mgm. % acetone and after a 2 
to 3 hours anesthesia this concentration increased to 150 mgm. %with presum- 
ably an equimolar concentration of methanol One monkey survived a 3 J hour 
anesthesia with isopropenyl methyl ether with apparently no acute or delayed 
harmful effects. 

In the dog, frequently we were unable to produce respiratory arrest with iso- 
propenyl methyl ether. This observation was the first indication of the decom- 
position of the anesthetic agent and this suspicion was later confirmed in buffer 
solutions and monkey’s blood 

SUMMARY AND CONCLUSIONS 

Isopropenyl methyl ether is an anesthetic agent in many species of laboratory 
animals. When measured by many of the criteria for determining the desirable 
properties of an inhalation anesthetic, isopropenyl methyl ether showed great 
promise of clinical usefulness Owing to the decomposition of the ether in the 
circulation with the formation of methanol, and the insidious and capricious 
action of this compound on the eye, we believe that isopropenyl methyl ether is 
unavailable in man as a safe anesthetic agent 
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The widespread use of atabrine points clearly to the need for a more thorough 
study of its pharmacologic and toxicologic behavior. Quantitative data con- 
cerning the rate and extent of accumulation of atabrine in experimental animals 
after repeated dosage, and the influence of diet and disease on the detoxication 
rate, are essential to the proper use of the compound in the chemotherapy of 
malaria. 

Atabrine is generally considered to be a cumulative drug though the evidence 
for this is rather indirect. The low blood concentrations (1-5) together with 
the small amounts found in the urine and feces (2-4, 6-12) indicate that atabrine 
is rapidly absorbed and taken up from the blood by the tissues. The atabrine 
content of tissues has been studied (5, 13) after a single relatively large dose but 
the accumulation in the tissues after long continued administration of small 
doses has not been investigated. The slow fall in concentration of atabrine in 
the tissues (3) together with the observation that it is still detectable in the urine 
and feces 69 or 70 days after the cessation of treatment (11) suggests that if it 
were given on a long term basis, accumulation would occur. Hecht (6) and 
Martin, Cominole and Clark (14) observed non-characteristic pathological 
changes in animals following large oral doses of atabrine. With small doses, 
observable cumulative effects are absent or only slight over a period of 6 to 8 
weeks (14). 

The yellow pigmentation frequently seen after atabrine administration has 
been considered the most important clinical evidence of accumulation. It 
appears early in the course of treatment and may persist for as long as eighteen 
weeks after cessation of treatment (15). In animal experiments this pigment 
has been shown to be fluorescent (6) and is undoubtedly either atabrine or a 
derivative. Other symptoms suggestive of accumulation are headache, mental 
depression and psychoses. 

The general acceptance of progressive accumulation in the tissues is probably 
responsible for such recommendations as those of Dawson, Gingrich and Hollar 
(16), “It seems reasonable that as a general rule, to lessen the risk of toxic effects 
from cumulation, atabrine treatment should not be repeated within eight weeks 

5 This work was aided in part by a grant from the Dr. Wallace C. and Clara A. Abbott 
Memorial Fund of the University of Chicago. It was done under a contract, recommended - 
by the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago. 

5 These studies were submitted to the University of Chicago in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy, December, 1942. 

5 John J. Abel Fellow in Pharmacology. 

120 



ATABR1NE ACCUMULATION AND EXCRETION 


121 


of a previous course, and that the drug should be dispensed only on prescription 
of a physician ” 

Our studies were undertaken with a view to determining in dogs the amount 
of atabnne excreted in the urine and feces and the amount of accumulation in 
the tissues after small daily oral doses, comparable to those used m the suppres- 
si\ e treatment of malana The accumulation in the tissues w ns also determined 
after large daily oral doses and after simultaneous administration of atabnne 
and sulfonamide drugs 

Methods In all experiments the dogs were fed at the same time each day and atabnne 
dihydrochloride given orally one half hour later Dosage levels of 5 and 50 mgm /kgm 
were used Unpublished work in this laboratory has shown that doses of 50 mgm /hgm 
induce vomiting in dogs in 70% of the cases w hen given in gelatin capsules and in 9G% of the 
cases when given as a water solution by stomach tube To avoid this undesirable reaction 
the drug was given in the form of tablets coated with cellulose acetate phthalate, a new 
enteric coating supplied by Eastman Kodak Company The smaller doses were given in 
gelatin capsules Feces and urine collections were made daily just before feeding All 
analyses and doses are expressed in terms of atabnne dihydrochloride 

Blood level and urinary and fecal excretion studies were made on four dogs which were 
kept in individual metal metabolism cages, the urine and feces were collected daily just 
before the administration of atabnne Blood samples were taken daily just before gtung 
atabnne during the first week, and at 24 and 48 hour intervals after the last dose of each 
weekly senes thereafter Estimations of the concentration of atabnne m the blood of 
these dogs were made by direct iso amyl alcohol extraction of laked whole blood buffered 
to pH 8 5 and determination of the fluorescence of the alcohol extract During the first 
week of the expenment atabnne in the urine and feces was determined daily Afte* thi9 
time aliquots of the daily collections were pooled and stored in the refrigerator until the 
end of the week when determinations of the weekly excretion were made The feces of the 
animals receiving 50 mgm /kgm were analyzed for atabnne to determine the absorption 
from the enteric coated tablets Control experiments showed no change m the atabnne 
content on storage in the refrigerator 

The distribution m the tissues w as studied m 24 dogs In all experiments the dogs w ere 
sacrificed 48 hours after the last do*»e Two dogs were analyzed after a single dose of 5 
mgm /kgm and two each after one, two, three and four weeks courses of atabnne 5 mgm / 
kgm per day for bix days each week Two dogs which had received approximately 30 
mgm /kgm per week for eight weeks followed by 15 mgm /kgm twice each week for four 
and one half weeks were given 5 mgm /kgm per day for three days and then analyzed Two 
dogs were sacrificed after seven and tw o after fourteen daily doses of 50 mgm /kgm Four 
dogs were given 50 mgm /kgm of sulfathiazole three times a day simultaneously with the 
third week of atabnne (5 mgm /kgm per day, six days a week), and four dogs were given 
50 mgm /kgm of sulfadiazine three times a day simultaneously with the fourth week of 
atabnne (5 mgm /kgm per day) Free and total blood sulfathiazole or sulfadiazine were 
determined on these eight dogs and also on four controls for each sulfonamide 

The concentration of atabnne w as determined in the adrenals bile, blood bone marrow, 
brain heart kidney, liver, lung, muscle, pancreas, Bkin and spleen Analyses were done 
in duplicate except for the adrenals, bile and bone marrow The deviation of the duph 
cates from the average was les9 than 5% 

Method of Alabrtne Anatysis The sample was blended with at least four parts by weight 
of water, and 25 gram aliquots transferred by pipette to tared 100 cc beakers After 
weighing 25 cc of 2N HC1 was added and the samples digested by warming on a steam 
bath for two hours The volume was maintained by addition of distilled water 

After the digestion period, the sample was cooled in the refrigerator and saturated 
NaOH added to make the mixture alkaline The sample was immediately transferred to a 
separatory funnel and an alkaloid extract prepared exactly as already described (17) tar 
the determination of quinine One cc of concentrated NH«OH was added to the extract 
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in a 50 cc. volumetric flask and water added to the mark. For the fluorometric assay the 
Coleman Model 12 Electronic Photofiuorometer was used with B-l and PC-1 filters," with 
quinine as a reference standard.* This method was primarily designed for tissue and ex- 
cretion studies. The concentration of atabrine in the blood is too low for accurate deter- 
mination by this method except when very large doses of atabrine are used. 

A dog which bad never received atabrine was sacrificed, and the various tissues analyzed 
for “apparent atabrine” concentration. Most tissues were found to have a small amount of 
extractable fluorescent material. This was especially noticeable in the feces, but even here 
the concentration was 1 mgm./kgm. or less. This amount was considerably below the 



17 14 21 28 
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DAYS 

Fig. I. Excretion of Atabrine in the Urine and Feces 
Arrows designate days on which atabrine was given 

concentration observed in experiments with atabrine. The recovery of known amounts 
of atabrine added to tissues ranged from 92 to 113%. Recovery from aqueous solutions of 
pure atabrine was always within 10%. 

Results. Figure 1 shows the daily excretion of atabrine in the urine and 
feces for one week and the average daily excretion for each of the three succeed- 

* Later studies on the sensitivity and specificity of this method have led to two improve- 
ments The results are more reliable when the alkaloid extract is made up in a final con- 
centration of 50% alcohol with 1 cc. of concentrated NH.OH added for each 50 cc., and more 
nearly specific for atabrine when the B, PC-2 filter combination is used. Certain atabrine 
derivatives have been found to fluoresce more strongly to the 365 mm. Hg. line (B>) than 
to the 436 mm line (B-), and the resultant fluorescence of these derivatives passes thcrv-i 
filter more readily than the PC-2. 



TABLE 1 

.Diafri&uiion of atabrwe i n tissues 


DOSAGE ZZVZX 


1 

50 rag./kg | 

S mg /kg 




Number of d* ty doses 

0 1 

» 1 “ 1 

1 | 6 | 12 | 18 | 31 

1 - 1 

m | 

1 w 


Conceatrit on of attbr ne d hydrocbtor d« in mg /kg of tissue 


Adrenals 

0 1 

198 

445 

7 3 

18 3 

31 2 

22 5 

26 7 

12 7 

3 1 

15 8 



63 

199 

3 3 

10 7 

20 1 

15 6 

13 3 

15 4 

15 4 

18 9 











3 9 

2 1 











5 G 

8 2 

Bile 

0 1 

207 

310 

1 9 

9 5 

2 3 

2 4 

8 8 

6 7 

1 3 

6 7 



23 4 

20S 

3 4 

22 4 

7 9 

10 7 

14 9 

10 4 

3 4 

2 8 











2 4 

1 4 











10 5 

2 6 

Blood 

0 0 

1 0 

1 5 

0 0 

0 2 

0 1 

0 0 

0 3 

0 1 

0 0 

0 0 



0 3 

2 8 

0 0 

0 1 

0 0 

0 3 

0 0 

0 0 

0 0 

0 0 











0 0 

0 0 











0 0 

0 0 

Bone morrow 


88 0 

109 

I 0 8 

14 7 

5 7 

5 0 

1 9 

5 9 

1 2 

7 4 



16 5 

107 

i 0 0 

6 C 

2 4 

15 2 

1 5 

8 1 

4 3 

2 2 











2 3 

0 5 











3 9 

2 4 

Brain 

0 3 

7 9 

i 9 8 

0 4 

1 5 

1 9 

0 7 

1 0 

0 7 

0 1 

0 9 



1 9 

5 9 

0 8 

0 8 

1 1 

0 8 

0 3 

0 9 

0 3 

0 7 











02 

0 2 











0 4 

0 3 

Heart 


60 

91 

1 8 

5 6 

6 4 

1 4 6 

5 4 

1 6 

0 1 

11 2 



10 

48 

1 0 

2 8 

4 0 

4 9' 

2 4 

3 7 

1 1 

2 C 











1 2 

0 8 











0 6 

1 1 

Kidney 

0 0 

49 

90 ! 

1 8 

7 8 

5 5 

3 9 

11 5 

5 0 

1 3 

11 7 



16 

8S 

1 0 

2 8 

4 0 

4 9 

2 4 

3 7 

3 3 

10 3 











2 6 

1 c 











1 5 

2 9 

Liver 

0 2 

737 

995 

8 0 

28 5 

40 0 

21 0 

17 0 

12 2 

2 9 

19 0 



59 

705 

5 7 

33 S 

29 0 

25 9 

10 0 

35 2 

12 8 

25 0 











5 9 

6 8 











4 0 

6 6 

Lung 

0 1 

77 

166 

2 0 

16 0 

13 6 

11 2 

26 7 

13 0 

3 6 ' 

22 0 



50 

154 

2 0 

8 9 

14 8 

11 4 

8 0 

19 5 

0 1 

15 6 











6 7 

8 1 











2 2 

7 4 


* These dogs received the equivalent of 78 doses over a period of 13 weeks 
t These dogs received in “addition 50 mg /kg of sulfathiazole 1 1 d the last 6 dajs 
f These dogs received in addition 50 mg /kg of sulfadiazine 1 1 d the last 7 days 
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TABLE 1 — Continued 


DOSACE ItVEL 


1 

SOmg./ig. j 


5 tog,/ig. 



Number of daily doses 

0 1 

' 1 “ 1 

1 j 6 j 

| 12 [ 18 j 24 

| 78* | 1st 

I 24t 


Concentration of atabtine dibydrochioride in mg.AB- oi tisane 




13 

21 

0.6 

3.2 


0.5 



0.1 

5.8 



10 

22 

0.1 

1.6 

KHi 

2.8 



0.4 

0.6 







| 




3.5 

0.1 







■ 




4.3 

0.2 

! 

Pancreas 


120 

372 

7.S 

42.0 

33.0 

22.5 



3.6 

5.7 



62 

242 

3.7 

23.5 

30.0 

50.0 

21.8 

63.5 

18.1 j 

27.2 



1 








6.3 

7.2 











15.4 

19.0 

Skin 


16 

51 



1.4 

0.8 

5.5 

4.2 

1.5 

2.8 



10 

15 

1.0 

1.3 

1.1 

2.1 

2.6 

l 5.4 

1.3 

1.5 











1.0 

1.6 




1 

i 


' 



: 

1 

0.4 

4.4 

Spleen 

1 0.1 

168 

232 

5.2 

42.0 

[ 22.0 

11.6 

32.4 

i 21.2 

2.8 

| 22.2 


71 

263 

4.4 

16.5 

42.5 

30.2 

15.0 

50.0 

25.6 

21.2 











8.4 

8.4 











6.6 

2.2 


ipg weeks. In all cases the per cent of the daily dose excreted in the urine and 
feces was less than six although a considerable amount of fluorescent atabrine 
derivatives, not extracted by this method, was present in the urine. Stabiliza- 
tion of the per cent of the daily dose excreted was attained within two weeks. 

At the time of these experiments, no satisfactory method was available for 
the determination of low blood levels of atabrine. The fluorescence of the iso- 
amyl alcohol extract of the laked blood gave an indication of the amount of 
total fluorescent alcohol-soluble material but it was not considered sufficiently 
sensitive or specific to warrant presentation of the individual data obtained. 
However, in no instance did the concentration of extracted fluorescent material 
(calculated as atabrine dihydrochloride) rise above 1 mgm./l., and the average 
level was about 0.5 mgm./l. These observations are in agreement with those 
of other investigators (1-5) and serve only to emphasize the rapid removal of 


atabrine from the blood. . 

In the dogs receiving 50 mgm./kgm. per day as enteric coated tablets no 
vomiting occurred. The animals showed some weight loss and a severe diarfiea, 
but in spite of the diarrhea, fecal analyses showed that approxunately 80% o 
the administered drus had been absorbed. The high eoneenty.ons attarned m 
the tissues are further evidence of the completeness of absorption. 

The distribution of atabrine in the tissues is shown in table 1. Although the 
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spread of values obtained from each pair of dogs on the 5 mgm /kgm dosage 
le\el was wide, in general the maximal concentrations were attained in one week 
The adrenals, heart and liver gave slightly higher values for the second week 
No tissue showed a significantly higher concentration at 13 weeks with the ex- 
ception of the skin and possibly the pancreas The liver showed a significant 
drop in the two to four week period The adrenals, kidnej , bile, bone marrow , 
heart, muscle and brain showed equivalent or slightly lower values at thirteen 
weeks The tissue concentrations attained with the 50 mgm /kgm dose were 
approximate!} ten times those found after 5 mgm /kgm dosage 

Since after the first or second week of dail} ntabnne administration, neither 
the elimination nor the storage of the drug is increased, and since an av erage of 
less than 4% is eliminated m the unne and feces, the dog must convert approxi- 
mately 96% of the daily intake to other substances Unpublished data from 
this laboratory show that there is no histologically detectable damage to the 
liver after eight weeks and no apparent effect on liver function (b> bromsul- 
falein test) or the general health of the dogs after 32 weeks dunng which they 
received 30 mgm /kgm per week 

In the dogs which received sulfathiazole simultaneousl} with atabune the 
tissue levels attained were considerabl} lower than when atabnne was given 
alone for an equal period of time With sulfadiazine the deviations from the 
controls were not so marked but the trend was in the same direction as with 
sulfathiazole The atabnne had no effect on the blood levels of either free or 
total sulfathiazole or sulfadiazine 

SUMMARV 

The excretion of atabnne m the unne and feces was studied throughout a 
period of four weeks of dail} atabrme administration The average dad} ex- 
cietion soon reached a level of less than 4% of the dail} dose 

Determinations of the atabrme concentration m v anous tissues of the dog 48 
hours after the last of a senes of small daily oral doses showed the maximum 
concentrations in most tissues to be reached within two weeks 

Higher tissue levels are attained with largei doses, those reached with 50 
mgm /kgm being about ten times those reached with 5 mgm /kgm 

Cellulose acetate phthalate is a satisfactory enteric coating for administering 
relatively large doses of atabnne since no vomiting occurs and about 80% of 
the administered drug is absorbed 

The administration of atabnne with either sulfathiazole or sulfadiazine did 
not affect the blood lev els of the sulfonamides, but the concentration of atabnne 
in the tissues was lowered 
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The development of methods for the production of a standardized and graded 
secondary shock in animals is of importance not only for a study of the still con- 
troversial dynamics of this condition, but is also for the reliable evaluation of the 
relative efficacy of therapeutic procedures intended for use in the management of 
shock in man. Several attempts have been made recently in this direction. 
Wiggers and Werle (25) tried to cause a standardized and irreversible hemor- 
rhagic shock in dogs and found that the dangerous factor in this type of shock is 
not as definitely related to the percentile reduction in blood volume as it is' to the 
degree and duration of hypotension which eventuates. Noble and Collip (10) 
reported a quantitative method for the production of traumatic shock without 
hemorrhage in unanesthetized rats and guinea pigs. When these animals were 
whirled in a rotating drum with two projections against which the animals were 
thrown, the number of rotations determined the degree of trauma obtained, i.e., 
the survival time and percentage of deaths. A second method for the uniform 
production of experimental shock by crush injury was recorded by Duncan and 
Blalock (3). These investigators place the hindlimb of dogs between two boards 
supplied on the inside with triangular strips of wood Much were placed so that 
when the boards were approximated their coaptation resulted in a cog- or gear- 
like arrangement in which the muscular tissue of the thigh was crushed. When 
this device was applied under a definite pressure and kept on for five hours, 18 
of 19 dogs died with the symptoms of shock, such as hemoconcentration, hypo- 
tension, and swelling of the crushed leg due to the escape of considerable amounts 
of plasma into the injured tissue. 

In previous experiments with histamine shock (9) histamine was administered 
as a suspension in a medium consisting of oil and a lanolin base (Falba) so as to 
slow up the absorption of the histamine and to prolong its action, simulating 
thereby conditions existing in traumatic shock. It became essential for a reliable 
evaluation of the efficacy of therapeutic agents (10) to elaborate upon this pro- 
cedure so as to obtain a standardized and graded method. The results of experi- 
ments aimed at such elaboration are presented in this communication. 

Experimental procedure Mongrel dogs were used in the experiment. These were 
injected subcutaneously with histamine dihydrochloride suspended in a base of cotton- 
seed oil (U.S P ) and “Falba” Absorption Base (Pfaltz and Bauer, Inc), which is a deriva- 
tive of lanolin. The vehicle used for suspending the histamine dihydrochloride was pre- 
pared by mixing three parts of the oil with one part by weight of the absorption base. The 
histamine suspension needed for an experiment was freshly prepared by rubbing the quan- 
tity of histamine needed in a beaker with a glass rod into a small amount of the oil-Falba 
227 
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mixture until a smooth paste was formed. More of the oil mixture was added gradually 
with continued stirring until a sufficient amount of the vehicle had been added to make 1 cc. 
of the mixture contain 20 mgm. of histamine dihydrochloride. This suspension was drawn 
into a syringe and after vigorous shaking slowly injected through an 18 gauge needle into 
the subcutaneous tissue of the chest, where it was deposited as a Boft lump. After the 
withdrawal of the needle the opening in the skin was clamped with an artery forceps so as 
to prevent any back leakage. 

This injection was made after the dogs had been placed under nembutal anesthesia, after 
the femoral artery had been connected with a mercury manometer for the kymographic 
recording of the blood pressure, and after the blood pressure had been recorded for 10 to 
15 minutes and had become stationary. Blood for hematic study was removed from the 
jugular vein before the injection and afterwards at more or less regular intervals in the 
majority of the animals used. The following components of the blood were determined: 
number of erythrocytes and leucocytes, volume of packed blood cells, plasma viscosity, 
colloid osmotic pressure, and total serum proteins. The osmometer described by Simms, 
Zwemer and Lowenstein (20) and the viscosimeter of Hess were used. 

The shocking effects of four doses of histamine dihydrochloride were investigated, viz. 5, 
10, 15, and 20 mgm. per kg. of body weight. Following the injection of the histamine 
suspension the blood pressure as a rule dropped gradually within 10 to 20 minutes to a level 
of 20 to 40 mm. Hg and stayed there for a period of several hours, showing in most instances 
only minor fluctuations. Where, occasionally, the blood pressure revealed a tendency to 
rise above 40 mm., a prompt return to the lower level was observed after gently massaging 
the site of the subcutaneous histamine depot. Vigorous massaging of this location five to 
six hours after the injection did not elicit any further vasodepressor response, indicating 
that the stored histamine had been exhausted. 

Autopsies were performed on all dogs used in this investigation. The histological 
examination was restricted to a study of the thymus, lung, heart, liver, spleen, stomach, 
intestine, and kidney. 

Series 1 . This consisted of four dogs each of which received 5 mgm. of 
histamine dihydrochloride per kilo in the oil-Falba vehicle. Table 1 illustrates 
the responses observed as found in two dogs which are represenative of the entire 
group. 

None of the four dogs showed any appreciable increase in the number of eryth- 
rocytes within 7 hours after tne injection of the histamine. There was always 
an initial severe leukopenia which reverted after 5 to 24 hours into a leucocytosis, 
usually occurring at a time when the blood pressure was either on its way toward 
normal or had become normal. The viscosity of the plasma was usually slightly 
decreased during the first 3 to 4 hours after the injection and then showed a re- 
turn to the original level. All i ur animals survived. The blood pressure began 
to rise gradually after two to four hours after the injection. The shock elicited 
by the subcutaneous injection of 5 mgm. of histamine dihydrochioride in an oily 
vehicle thus is not fatal in spite of a severe and prolonged lowering of the blood 
pressure. 

Series 2. Of eight dogs injected with 10 mgm. of histamine per kilo two died 
within the first seven hours after the injection (6.5 hours), three dogs died during 
the following night, one survived for two days, and two survived for four days, 
when they were used in a second histamine shock experiment during which they 
died. The reactions observed in this group are presented in table 2 containing 
a summary of the data of two representative animals. 
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As the colloidal osmotic pressure determinations tv ere done in only two dogs 
of this group the records are presented separately in table 3 


TABLE 1 


TIME* 

1 BLOOD 
PSESStTJE 

MTTHSOCvm 

HEMATOCRIT 

LEUCOCYTES 

PLA5UA 

VISCOSITY 

POO 

minutes 





! 


0 

148 

6,400,000 

37 

25,000 

2 4 

1097 

30 

35 

5,600,000 

36 

4,200 

2 1 


90 

30 

5,650,000 

37 

5,200 

2 1 


210 

35 

5,950,000 

3S 

14,500 

2 25 


270 

75 

6,100,000 

37 

26,400 

2 25 


330 

86 

6,400,000 

35 

27,400 

2 25 


390 

90 

7 ,000,000 

36 

33,600 

2 25 


0 

118 

5,600,000 

35 

26,300 

1 75 

1045 

20 

40 

5,750,000 

33 

900 

1 72 


80 

25 

4,950,000 

32 

1,800 

1 70 


140 

18 

5,300,000 

29 

1,000 

1 70 


200 

30 

5,100,000 

32 

3,900 

1 65 


260 

45 

5 300,000 

31 

5,000 

1 65 


320 

55 

5 500,000 

31 

5 600 

1 75 


380 

55 

7,050,000 

32 

7,700 

1 65 


24 hrs , 6 day3 


5 200,000 

42 

39,200 

1 80 


70 

4,350,000 

26 

15 700 

1 90 



* After administration of the histamine preparation 


TABLE 2 


TIME* 

BLOOD 

P»ESSU*E 

EEYTH10CYTES 

HEUA 
TOCS IT 

LEUCOCYTES 

PLASMA 

VISCOSITY 

SXUAKKS 

minutes 

0 

125 

7,800 000 

51 

23,600 

2 45 

Dog 110S + 65 

20 

16 

9,050,000 

49 

3,400 

2 00 

hrs 

70 

2S 

8,750,000 

49 

4,100 

1 80 


180 

46 

8,500,000 

50 

11,600 

1 85 


235 

24 

9,100 000 

M 

15 000 

1 85 


310 

16 

10,200,000 

51 

13,200 

1 85 


0 

160 

8 550,000 

53 

13 900 

1 95 

Dog 1109 sur 

38 

40 

7 850,000 

49 

3,100 

1 65 

vived 

98 

40 

9 650,000 

54 

2 000 

1 65 


186 

5S 

8 550 000 

53 

6 800 

1 CO 


245 

40 

11 400,000 

55 

8,800 



305 

32 

10,500,000 

56 

14 600 

1 80 


365 

46 

8,200 000 

55 

20,200 

1 75 


425 

64 

10 750 000 

55 

20 400 

1 65 


24 hrs 


10 050,000 

65 

19,000 

1 83 



* After administration of the histamine preparation 


The survival rate in this series was 25%, with the majority of the fatalities 
occurring during the 8 to 18 hour penod (40 per cent) One fourth of the animals 
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died a relatively acute death during the first seven hours of the experiment, 
while 10% died a delayed death (IS to 48 hours). The hematic reactions ob- 
tained in this series are definitely more pronounced than those observed in the 
group of dogs injected with 5 mgm. of histamine dihydrochloride. It is note- 
worthy, however, that the intensity of this response does not seem to have a direct 
relationship to the ultimate outcome, as the dogs which died within the first 18 
hours exhibited only a mild to moderate hemoconcentration, while this reaction 
reached a level of 57% in one of the two dogs which survived. The viscosity 
of the plasma was slightly to moderately lowered in all dogs during the observa- 
tion period of 7 hours after the injection, and had returned to an almost normal 
level in those animals which survived 18 hours. There was a drop in the total 

TABLE 3 


TIME AFTER INJECTION (UtN ) 



0 

6 

75 

155 

] 205 

I 257 

321 

390 

433 

Dog # 1223, 1-20-43, 10 mgm. 
lnstamme, 7 45 kg over- 
night 





■ 





Hematocrit reading (mm ) 

51 

47 

49 

49 

BUI 


50 

51 

52 

Viscosity (plasma) 

2 0 

1 87 

1 65 

1 76 


1 S 

1 63 

1 75 

1.75 

and temp. (°C ) 

21 5 

21 5 

22 

22 


22 

22 

22 

22 

Colloidal osmotic press 

449 

471 



. ; 

469 

429 

371 

420 

Blood pressure 

88 

34 



Ipl 

78 

72 

68 

66 __ 


0 

19 

79 

136 

192 

251 

316 

383 

413 

Dog % 1247, 1-21-43, 10 mgm. 
histamine, 9 5 Kg. +65 
hrs. 










Hematocrit reading (mm ) 

48 

44 

44 

46 

49 

53 

50 

49 

53 

Viscosity (plasma) 


1 85 

1.67 

1 75 

1 87 

1 72 

1 75 

1 65 

1 7 

and temp. (°C.) 

19 

19 

19 

19 

19 

21 

21 

21 

21 

Colloidal osmotic press 

434 

437 

566 

539 

531 

474 

438 

419 

40S 

Blood pressure 

128 

42 

54 

58 

68 

74 


44 

24 


plasma proteins during the early period, followed by a recovery above the original 
level in two of the dogs which died early. The colloid osmotic pressure studied 
in two dogs of this series exhibited a mild to moderate initial rise followed by a 
drop below the original level. 

Series 3. Four of the ten dogs injected with 15 mgm. of histamine dihydro- 
chloride per kilo died during the first seven hours, five died during the follow- 
ing night, and one survived. Table 4 brings the main data of two dogs of this 
group; the first one died within 4 hours after the injection of histamine, while the 
second survived. 

Colloid osmotic pressure detei ruinations were made in five dogs of this series. 
The results obtained in four of them are presented in table 5. 

The survival rate of this series was 10%. Death occurred in 40% during t le 






















HISTAMINE SHOCK 


131 


early period of 7 hours, and in 50% during the second period of 8 to 18 hours 
Most of the dogs of this senes did not exhibit any appreciable degree of hemo 
concentration dunng the seven hour penod of hematic study The highest 
hemoconcentration seen in this group was found m dog # 1122 (table 4) The 
leucocytes show ed the characteristic initial considerable reduction follow ed by a 
leucocytosis In one dog after five hours the leucocyte count had nsen to 70,* 
400 from an original 16,100 and a low of 6,500 The viscosity of the plasma 
in general show ed a moderate drop during the seven hours follow mg the injection 
This reduction amounted to about 25% of the onginal i alue in tw o dogs which 
died dunng the night 

The colloidal osmotic pressure in four dogs showed a moderate to marked and 
progressive nse, in two instances doubling the onginal value In. one dog, how* 


TABLE 4 


TIME* 

BLOOD 

mssviE 

MYTHEOCYTES 

HZUATOCT1T 

LEUCOCYTES 

FLASUA 

VISCOSITY 

EEIUU 

moteiw 

1II1AIIS 

minutes 








0 

140 

7 450 000 

45 

13 200 1 

2 25 

5 97 

Dog 1122 + 45 

60 

42 

10 050 000 

43 

3 300 

1 97 

5 45 

hra 

130 

24 

7 450 000 

43 

I 900 

2 15 

5 22 


210 

18 

10 050 000 

42 

3 000 

2 10 

5 09 


260 

0 

6 750 000 

41 

2 800 ' 

2 25 ' 

5 81 

+ 

0 

114 

6 G50 000 

47 

13 600 

1 90 


Dog 1124 sur 

30 

24 

7 450 000 

41 

4 200 

1 65 


vived 

90 

36 

0 400 000 

48 

6 300 

1 75 



150 

28 

7 500 000 

50 5 

7 400 

2 00 



210 

22 

6 550 000 

50 

4 600 

2 19 1 



270 

44 

7 850 000 

50 

14 000 

1 9 ! 



330 

30 

7 000 000 

50 

13 200 

1 S5 



420 

28 

8 150 000 

52 

17 200 

1 85 



24 hrs 


5 750 000 

40 

21 200 

1 65 




* Alter administration of the histamine preparation 
t Heart Wood 


e\ er, there occurred onlj a minor rise follow ed by a drop below the onginal level, 
which in its turn was followed by a nse, slightly above this value 

Series 4 In this senes ten dogs were injected with 20 mgm of histamine 
dihydrochlonde per kilo None survived, eight died within the first two to six 
hours after the injection of the histamine, while the remaining two dogs died 
overnight Table 6 contains the data of two dogs, one of which died early 
( n 1 1 19) , the other late ( » 1107) 

The absence or mild degree of hemoconcentration in the animals of this senes 
is remarkable Plasma viscosity and proteins show ed a mild downward trend 
during the observation period with signs of reco\ ery when the shock was of a 
moie prolonged nature 
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Group 1 The heart was dilated and flabby »n the majority of cases The lungs were 
moderately hyperemic and showed atelectasis and cyanotic engorgement in the dependent 
parts The liver was moderately to markedly congested and the gall bladder wall was 
often markedly edematous having a greyish white area at the lower pole with engorged 
vessels and multiple subserous hemorrhages The spleen was contracted, greyish pink 
with smaller and larger tortuous, dark red, nodular projections The kidney s were hyper- 
emic The stomach m 8 cases contained a dark brown black mucinous material There 
were multiple hemorrhagic erosions in the prepyloric region in one instance and large or 
small, round or star shaped, sharply outlined ulcers with overhanging edges and a dark 
bluish red colored smooth or greyish granular or ridged floor in two additional dogs These 
defects were located in the prepyloric parts The duodenal mucosa was swollen and 
displayed about 1 to 3 inches below the pylorus in many instances a dark red velvet like 
appearance with blood tinged liquid content The congested and hemorrhagic state of the 
intestinal mucosa usually decreased toward the ileum and became patchy or linear longi- 


TABLE 6 


TIME* 

BLOOD 

FBESstne 

HYTH10CYTES 

HEMATOCTIT 

LEUCOCYTES 

PLASMA 

VISCOSITY 

KEMAEES 

mnulet 







0 

135 

9,100,000 

53 

10,800 

2 3 

Dog 1119 + 

30 

50 

7,200,000 

46 

2,600 

I 97 

5 hrs 

90 

30 

8,650,000 

55 5 

9,800 

2 25 


150 

30 

: 8,000,000 

50 5 

10,000 

1 97 


210 

30 

8,600,000 

52 

14,400 

2 0 


270 

20 

8,600,000 

50 5 

19,000 

1 9S 


300 

10 

9,200,000 

52 

16,400 

2 0 


0 

140 

7,150,00 0 

46 

20,700 

2 7 

Dog 1107 + 

45 

24 

7,100,00 0 

47 

3,100 

2 47 

overnight 

105 

40 

8,100,000 

50 

3,100 

2 25 


190 

34 

8,500,000 

53 

13,000 

2 25 


250 

34 

8,750,000 

51 

17,400 

2 27 


310 

38 

6,800,000 

52 

15,600 

2 2 


370 

40 

8,550,000 

51 

23,200 

2 15 . 


430 

50 

8,600,000 

50 

23,600 

2 9 



* After administration of the histamine preparation 


tudinal in character occupying then a line opposite to the mesenteric attachment No 
appreciable congestion of the intestinal tract was found, howe\er, in four dogs The 
rectal mucosa was sometimes congested and was hemorrhagic once The intestinal con 
tent was liquid and often blood tinged or blackish tarry m nature 

Group £ The thymus was dark red and hemorrhagic in three dogs The heart was 
always firmly contracted and the my ocardium was pale red The lung was congested and 
was partially or completely collapsed in four cases in which considerable amounts of a 
dark brown turbid fluid filled the pleural cavities The abdominal cavity of one animal 
contained large amounts of a dark brown turbid fluid and in two cases a blood tinged watery 
material The liver was either normal in appearance or slightly congested and the gall 
bladder wall was edematous or normal The spleen was contracted and in several coses 
contained dark red nodules of hemostasis embedded in o greyish pink, dry pulp The kid 
neys were normal The stomachs of tw o dogs showed ulcers in the prepyloric region of the 
lesser curvature Hemorrhages in the mucosa of the pyloric ring were found once The 
duodenal mucosa showed a hemorrhagic imbibition starting about one inch below the 
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pylorus in one instance. In several other cases the mucosa was congested and in about 
half the dogs the mucosa was grossly normal. The small intestine was either normal or 
showed a slightly hyperemic mucosa only once containing numerous hemorrhages. The 
colon and rectum more often revealed a congested mucosa complicated in three instances 
by hemorrhages and a bloody liquid content. The subcutaneous tissue had a cyanotic 
appearance. 

Group S. The macroscopic findings were in general similar to those of group 2, 

Microscopical Data: Group 1. Subepicardial or subendocardial hemorrhages were 
present in two hearts, combined in one instance with a subendocardial lymphocytic and 
monocytic infiltration, while associated in the other case with swollen myocardial arterioles. 
These arteriolar lesions were present in three additional hearts. The lungs were moder- 
ately congested; a few had focal hemorrhages, atelectases and emphysema. The liver 
exhibited a considerable or even highly excessive edema and congestion, especially in the 
pericentral, and sometimes also in the periportal tissue. The liver cells in the pericentral 
zone were atrophic or vesicular or foamy and were sometimes surrounded by leucocytes. 
The gall bladder exhibited a large blister-like edema of the subserosa not infrequently 
associated with hemorrhages and leucocytic infiltrations. In four cases there were focal 
and sometimes extensive necroses of the entire wall. The spleen showed a pulp containing 
erythrocytes in small number except in those restricted areas in which the sinuses and 
pulp were packed with erythrocytes and where a hemangioma-like structure prevailed. 
This condition was associated in one instance with necrotic changes and in a second instance 
with a small rupture of the capsule. The kidney was hyperemic and showed a vacuolation 
of the tubular epithelium. The gastric mucosa was edematous in several instances, in 
others defects were present filled with erythrocytes and involving only the mucosa, while 
the submucosa revealed once thrombosed vessels beneath the ulcers. Occasionally sub- 
mucosal hemorrhages were present. The duodenal mucosa showed a more or less marked 
engorgement of the mucosal vessels, sometimes associated with hemorrhages into the tips 
of the folds. Simitar but usually less extensive vascular conditions were found in the small 
intestine and rectum. 

Group 2. The heart in three instances showed swollen myocardial arterioles with 
thickened walls bulging into the contracted or collapsed vascular lumen. Perivascular 
lymphocytic infiltrations existed in one dog. The lungs were congested, edematous and 
contained hemorrhages. The stomach revealed in three cases small or large ulcerations. 
In one instance the ulcerative defect extended into the muscularis which was superficially 
necrotic and formed the floor of the ulcer. The submucosa was highly edematous and 
congested and contained extensive hemorrhages within necrotic tissue. These lesions 
extended far beneath the periphery of the ulcer. The overhanging mucosal edges were 
hyperemic and contained hemorrhages. The vascular walls of the submucosal vessels 
were swollen and their lumina were filled with hyaline or leucocytic thrombi, while largo 
mononuclear cells lined the lumina. The duodenum show’ed necroses in the superficial 
parts of the mucosa as well as edema and congestion of the mucosa. Similar changes 
occurred in the small intestine to a minor degree, whereas they were sometimes much more 
extensive in the rectal mucosa. The kidney was congested and contained interstitial hem- 
orrhages with vacuolar degeneration of the tubular epithelium. The splenic pulp in general 
contained a small amount of erythrocytes, only in more or less circumscribed areas there 
existed a massive accumulation of erythrocytes with distension of the sinuses producing 
the picture of a hemorrhagic infarction. 

Group S. The histological findings were similar to those seen in group 2. There was a 
large epicardial hemorrhage in the heart of one of the dogs, which was associated with a 
swelling of the arteriolar walls and a large myocardial necrosis. The edematous lung of 
the second dog exhibited a thrombosis of a branch of the pulmonary artery with anemic 
infarction of the lung tissue. 

Comment. The recorded data show that it is possible under the experimental 
conditions stated to produce a standardized and graded histamine shock m dogs, 
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as demonstrated in table 7, which shows the variations found in the different ser- 
ies as to mortality rate and duration of survival. 

This information is essential for the testing of therapeutic agents, as their ef- 
ficacy depends in part upon the severity of the shock which in turn is related to 
the shock dose and the length of time after its introduction. An application of 
these studies for the indicated purposes lias shown that therapeutic agents ef- 
fective against standardized and graded histamine shock increase both the sur- 
vival period as well as the survival rate of the shocked animals (10). 

It is remarkable that the majority of the dogs subjected to histamine shock 
did not show any appreciable degree of hemoconcentration at any time. Some 
of the dogs exhibited this condition for some time during the course of the shock, 
but rarely in a progressive form, while in a few there was even a reduction in the 
number of erythrocytes, suggesting the development of a hemodilution. This 
last type of reaction was noticed particularly at the twenty-four hour period 
irrespective of the preceding type of response. Similar observations have been 
made previously in dogs subjected to histamine shock and cold shock produced 
by the application of dry ice to the back (8) (9). These animals exhibited dir- 
ectly after the production of the shock a progressive crythropenia and leukopenia 


TABLE 7 


SEMES 

DEATH 0-7 EES 

*-18 EES i 

19-18 EES 

SD1VIVAL 


Per cent 

ftr tent 

per tent 

per tent 

1 




100 

2 

25 

40 

10 

25 

3 


50 


10 

4 

1 50 1 

20 




with fatal outcome within 8 to 48 hours Bosse, Gross, and Hagan (1) recently 
reported similar evidence obtained in rabbits subjected to bum shock elicited 
by scalding. Hemoconcentration caused by increased capillary permeability and 
regarded by many investigators as the basic mechanism in the dynamics of shock 
(15) is apparently not a hematic reaction consistently associated with this con- 
dition (24). The vascular and hematic reactions in shock are evidently of a much 
more complex nature. 

Similar difficulties are encountered when an attempt is made to correlate the 
hematocrit values with those obtained for plasma viscosity, serum colloid osmotic 
pressure, and total serum proteins. If it is correct that shock is characterized 
by a loss of serum proteins into the tissues ivith a resulting reduction in colloid 
osmotic pressure, definite relations should exist between the factors mentioned. 
While there was a certain general tendency of the plasma viscosity to decrease 
with the duration of the shock, this w r as by no means a consistent observation, 
nor was it associated with a corresponding reduction m the amount of total 
plasma proteins. The plasma viscosity is not only dependent upon the amount 
and ratio of the \ arious plasma proteins (7), but also upon their state of dis- 
persion and hydration (12) 
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It is especially noteworthy that the colloid osmotic pressure of the serum, de- 
termined with undiluted serum against water, exhibited in most instances a con- 
siderable and often progressive increase up to the time of death, irrespective of 
the movement of the hematocrit values and of the plasma viscosity. The col- 
loid osmotic pressure of the serum proteins depends on the same factors which 
influence the viscosity, in addition to the effect which substances adsorbed on 
the surface of the particles may exert in this direction (17). Mention must be 
made of the fact that the colloid osmotic pressure of serum changes upon standing 
and is definitely modified by a dilution of the serum with saline (14). The last 
two factors most probably play a r61e in all those determinations of the colloid 
osmotic pressure of serum in which the collodion bag procedure is used. It is 
therefore uncertain whether our values of colloid osmotic pressure are directly 
comparable to those of other investigators. 

More recent observations indicate, moreover, that the colloidal osmotic 
equilibrium of the blood sometimes reacts to the introduction of exogenous or 
endogenous colloidal solutions in an apparently paradoxical fashion. Goudsmit, 
Binger and Keith (5) thus reported that the injection of acacia solution into 
nephrotic patients causes in an appreciable percentage a drop in colloid osmotic 
pressure. Similarly, Harkins, Boals, and Brush (6) noted that the intravenous 
introduction of human or canine serum resulted in a hemoconcentration. The 
control of the extra-cellular water metabolism by the plasma proteins and exog- 
enous colloids through their osmotic and water binding powers is evidently not 
yet sufficiently understood to form a basis on which an intelligent colloid therapy 
of shock can be developed. 

The pathological observations made suggest, moreover, that at least during 
the relatively early period of histamine shock (death within the first seven hours), 
increased capillary permeability and colloidal osmotic disturbances of the plasma 
cannot represent the main cause of death, as manifestations indicative of these 
conditions in an appreciable percentage of such animals were only mildly de- 


veloped. The constant occurrence of a dilated heart as well as the presence of 
myocardial hemorrhages and myocardial arteriolar swelling with collapse or 
contraction of the walls point toward a cardiac mechanism of death. Such dis- 
crepancies apparently led Klisiecki and Holobut (11) to conclude that histamine 
injures the wall of the left ventricle directly, thereby causing a drop in blood 
pressure. Meessen (13), who observed similar myocardial lesions after histamine 
shock, attributed the failure of the heart to a primary coronary insufficiency. 


It is obvious, on the other hand, that circulatory collapse subsequent to an 
immobilization of large amounts of blood in the liver, intestinal mucosa and 
kidney, together with direct loss of hematic fluid into the intestinal lumen and 
into the serous cavities, provided the fatal mechanism in some of the dogs which 
died during a later period. It may be mentioned in this connection that the 
spleen took an active though not prominent part in the hemostasis, as evidenced 
by the occurrence of sometimes extensive dark red nodulation caused by an in- 
farct-like accumulation of blood in the pulp and sinuses of some parts of the 
spleen. The liver of the dog, with its venous barrier, and the canine spleen, 



HISTAMINE SHOCK 


137 


with its storage capacity for about one fifth of the total blood volume, probably 
play a greater r61e in the shifts of blood during shock than that which they can 
assume in man, whose spleen can retain only one twentieth or one-thirtieth of 
the total blood volume (21) 

Hemorrhage from eroded vessels m the gastnc ulcers observed m some of 
the dogs may have contributed to the fatal outcome in a few However, it is 
unlikely that tins complication was of any great importance in this respect 
The occurrence of gastric or duodenal ulcers follow mg the injection of histamine 
has been reported previously (4) (19) (22) The increased production of gastnc 
secretion (2) (23) as well as the circulatory changes m the gastnc mucosa and 
submucosa are apparently responsible for these manifestations which possess 
some importance in regard to the genesis of peptic ulcer in general 

CONCLUSIONS 

1 By the injection of increasing doses of histamine dihydrochlonde suspended 
in a cottonseed oil-Falba base it is possible to produce a standardized and graded 
shock m dogs 

2 Considerable hemoconcentration was not a characteristic hematic mani- 
festation m many of the dogs 

3 The plasma viscositj decreases only mildly to moderately dunng shock, 
w hile the colloid osmotic pressure of the serum increases considerably 

4 Early deaths during histamine shock are apparently as a rule cardiac deaths, 
while animals with delayed deaths exhibit manifestations associated with in- 
creased capillary permeability 
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In order to evaluate the efficacy of remedial measures in hemorrhagic shock 
it is essential to have a standard procedure by which it can be produced with 
predictable frequency. To be practical, the method must be simple as well 
as effective. 

Previous attempts to standardize hemorrhagic shock have followed two gen- 
eral trends: (1) Definite volumes of blood per kilo, which aie fairly lnige but 
immediately consistent with life, are removed at more or less definite rates of 
bleeding and the subsequent effects on blood pressure, blood volume, revival or 
survival of the animal, etc , are compared in untreated or treated animals. (2) 
Animals arc bled variable volumes required to reduce arterial pressures to some 
arbitrary “shock” level, usually 50 or 60 mm. Hg, and the effects of remedial 
agents or blood substitutes are studied by following the changes m arterial pres- 
sure, cardiac output, blood volume, hemoconccntration, blood chemistry, time 
of survival, etc. 

Our experimental work during the past 2\ years has confirmed the conclusion 
of’ others that the first procedure is unsatisfactory because untreated dogs show 
great variability in their reactions to and tolerance of definite blood losses com- 
puted on the basis of body weight. This is not surprising In addition to the 
operation of variable compensatory mechanisms, recent studies of Bonycastle 
and Cleghom (1) have reconfirmed the fact that blood volumes in stray dogs 
vary considerably, in their series from 66 to 107.5 cc./k. with a mean of 82.1 
cc /k. If the procedure is used, the volume of blood withdrawn should be based 
on predetermined circulating volumes, but even this ignores the variable quanti- 
ties stored in blood depots and the individual variations in compensatory mech- 
anisms. 

Our early experimental studies (2) had indicated tliat the development of 
irreversible circulatory failure — generally associated with congestive and hem- 
orrhagic changes in the duodenum and endocardium — depends both on the 
degree and duration of post-hemorrhagic hypotension. The possibility was there- 
for investigated whether a practical method for producing standardized hemor- 
rhagic shock might be evolved through creation of successive periods of moderate 
and severe hypotension by legulated bleeding It was postulated that the more 
prolonged and safer period of moderate hypotension might take care of the time 
element while the more effective period of severe hypotension could be kept short 
enough to prevent untimely cardiac or respiratory failure. 

*This investigation was supported by a grant from the Commonwealth Fund 
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In a preliminary survey of many experiments in wliick these intervals varied 
considerably, Werle and Wiggers (3) found that an initial period of moderate 
hypotension ( ca . 50 mm. Hg) lasting 00 minutes followed by a 45 minute period 
of severe hypotention (ca. 30 mm. Hg) always resulted in irreversible circulator}’ 
failure. These conclusions were based, however, on results from dogs under 
various types of intravenous anesthesia and submitted to variable operative 
procedures necessary for different types of dynamic studies. In some the ani- 
mal’s blood had been rendered noncoagulable by injections of heparin, in others 
carotid arteries had been occluded or one or both vagus nerves had been cut, 
etc. We have therefore systematical!}’ explored use of the method on animals 
which were all anesthetized with morphine and minimal effective doses of sodium 
barbital (175-200 mgm./kilo) and subjected to essentially the same minimal 
operative procedures. All retained potent sinus and aortic reflexes. Efforts 
were made to maintain the initial rectal temperature throughout the experiment 
by regulation of external heat. Bleeding was started about one hour after in- 
duction of anesthesia. 

We found that shorter intervals than those suggested did not produce irre- 
versible shock in a sufficient proportion of animals to be serviceable and we 
therefore retained the criteria suggested by Werle and Wiggers. We modified 
the technique as follows: The mean pressure of the dog is lowered to 50 mm. Hg 
in one stage by withdrawal of as much blood as necessary at a rate of 50 cc./min., 
reducing the rate a trifle as lower pressures are approached. The blood is drawn 
into heparin solution 3 and kept cool until required for reinjection. Usually a 
little more blood must be drawn periodically in order to maintain such a 50 mm. 
level. At the end of 90 minutes the mean pressure is cautiously reduced to 30 
mm. Hg by slow bleeding (4-5 cc./min.). Whenever pressure rises or falls 
±5 mm. from this level, a little blood is either withdrawn or reinfused. An 
ordinate writer on the smoked drum by which mean pressures may be constantly 
gauged is almost a necessity. 

Our experience indicates that with the bleeding rates stated, blood pressures are usually 
reduced to 50 mm. by bleeding approximately 40 cc./k. and subsequently to 30 mm. by an 
additional bleeding of 3 to 5 cc./k. However, these are only useful as rough guides since 
considerable variation exists. The net total bleeding in all our dogs ranged from 20 to 56 
cc./k„ with an average of 37.2 cc./k. 

Our experience with the method in an additional 50 dogs enables us to point out a num- 
ber of difficulties and certain expedients by which they can be overcome. During or after 
the initial faster hemorrhage, Traubc-Hering waves* frequently develop. Since the magni- 
tude of these variations may equal 20-30 mm., the question arises as to how an average 50 
mm. mean pressure should be read. Since, after their disappearance, mean pressure gen- 
erally stabilized at a level midway between the crests and troughs of these larger waves 
and since planimeter measurements gave a similar average, this midpoint represents the 

j}Ve are greatly indebted to Roche-Organon Co., Rahway, N. J., for a generous suppl} 
of Liquaemin used in these experiments. 

> If, as seems probable, these variations are due to rhythmic variations of vasomotor 
tone, their presence after bleeding indicated that the vasomotor center is acting periodically 
during the period of post-hemorrhagic hypotension. 
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mean fairlj well During the 50 mm period the pressure often tends to rise somewhat 
Whenever this equals 8 mm and stabilizes there for about 1 minute, additional blood is 
withdrawn in order to reduce pressure to the 50 mm standard Pressure rarely falls except 
toward the end of this period If this occurs within 5 minutes of the time set for the second 
bleeding no attempt is made to restore pressures by remfusion of heparinized blood, but 
the period of drastic hypotension is reduced commensurate with the degree and duration 
of the previous decline 

The second bleeding by whicli pressure is reduced to 30 mm must be slow, and trouble is 
avoided if pressures are Dot allow ed to decline below tins level \\ ith this precaution, am 
mals withstand such hj potcnsion well for 15-30 minutes Respiratory rate and depth gen 
erally remain increased or at least are not subnormal During the last 10 or 15 minutes, 
an animal must be constantly watched The danger signals are slight progressive decline 
of arterial pressure, manifest slowing of the heart and diminishing rate and/or depth of 
respirations These may occur separately or together, and once developed may quickly 
result in death Figures 1 A and 1 D arc examples of rapidly declining heart rates There 
fore, a3 soon as any of these signs appear, mild artificial respiration and remfusion of some 
blood must be instituted at once Small infusions (20-30 cc ) often suffice, but occasionally 
100 to 200 cc are required Lately w e have adopted the practice that w hen an infusion of 
100 cc of blood does not promptly increase heart rate and blood pressure, the aortic pres- 
sure and coronary flow are augmented directly The most effective procedure consists in 
injecting 20-75 cc of Ringer’s solution into the aorta ua a carotid artery under a pressure of 
about 200 mm Hg This temporary increase of aortic pressure probably supplies a flowof 
mixed blood and saline through the coronary arteries sufficient to increase the pumping 
action of the ventricles, and this immediately mobilizes blood from the right heart into the 
pulmonary and systemic circulations, thus restoring a circulatory balance The addition 
of adrenalin or similar agents which we previously found useful (2) is unnecessary and 
only complicates the interpretations following revival With these precautions, ammals 
rarely die except through lack of watchful attendance during this phase of the experiment 

At the termination of the 30 minutes period, blood previously drawn from the animal is 
warmed, adequately filtered and reinjected at a rate which should not exceed 50 cm /mm 
at the start and should proceed more slowly as arterial pressure rises to higher levels The 
infusion rate should be reduced as Boon as arterial pressure no longer continues to rise and 
infusions should be stopped at once if it begins to fall, for this is associated with rapid ele 
vation ol venous pressure and signifies over distention ol the right heart 

Methods After development of our standard technique, we followed the course of 
hemodynamic events and the incidence of survival in a new scries of animals For this 
purpose, central arterial pressure was recorded and right atrial and intrathoracic pressures 
were read on a damped w atcr manometer during expiratory phases In this way, effective 
atrial pressures were calculated by algebraic difference 

How ex er continuous registration of mean femoral pressure by a damped Hg manometer 
is sufficient for utilization of the method By placing a Little heparin solution in the can 
nula it is not e\en necessary to use anticoagulant solutions with careful operative tccli 
mque, normal saline is just as good as other salts commonly employed as anticoagulants 
In thi3 event, it is preferable to determine heart rates by simultaneous registration of an 
electrocardiogram or by auscultation since Hg manometer oscillations arc not always re 
liable 

Results Data from a conti ol senes of 21 dogs art given m table I The 
total net volume of blood withdrawn ranged from 24 to 53 5 cc /kilo and aver 
aged 44 4 cc In this gioup, four of the earlier animals died of cardio respira- 
tory failure during the 30 mm hypotension penod and necropsies revealed 
intense congests c and hemorrhagic changes of the gut and presence of suben 
docardial hemorrhage They would piobably ha\e reacted unfavorably to rein 
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fusion. The other 17 animals immediately reacted well to reinfusion of the 
withdrawn blood (heparinized). As a rule, mean arterial pressure did not return 
quite to normal, but central pressure pulses had a normal contour. In 5 experi- 
ments complete restoration of mean pressure occurred and in 2 experiments 

TABLE 1 


Results of control group showing amount of anesthetic agent, rectal temperature, net hemorrhage, 

and intestinal changes 


EXP. KA 

BARStTAL 

RECTAL TEMP. 

WET TOTAL 

INTESTINAL 



| Start 

| End 

PER KILO 


Non-shock 


mgm./Ktlo 





113 

175 

38 

37.4 

39.4 

+ 

139 

200 

37.6 

37 

51.7 

? 

159 

175 

35 

37. S 

52.8 

0 

161 

110 

38 

39 

45.1 

+ 

Precipitant shock 

106 


37.3 

37 

37.0 

1 ++ 

12S 


38.7 

37 

24.0 

4*4- 

132 


35.9 

32.5 

39.5 

++ 

141 


35.9 

30.5 

43.0 

? 

164 


35 

37.5 

37.5 

++ 

165 


35.5 

40 

40.0 

+++ 

166 

175 j 

35 

40 

53.5 

+++ 


Delayed shock 


109 

W'M 

38 

39 

34.6 

4“ 

125 


34 

34.5 

33.9 


140 


35.9 

33.5 

45.6 

4“ 

167 

180 

36 

37 

41.0 

+ 

168 

183 

37 

36.9 

46.7 

++ 

169 

161 

36 

37 

41.1 

? 


Accidental deaths toward end ‘30 mm. hypotension 


105 

175 

38.5 

39 

34.6 

4- 4* 

107 

175 

37.5 

38 

44.4 

++ 

108 

175 

38.0 

40 

31.3 

++ 

110 

175 

41 

41+ 

33.1 

++ 


Total experiments, excluding 4 accidental deaths, 17, percentage showing circulatory 


failure, 76.5. 


mean pressure even exceeded control levels. Variations occurred as regards the 
subsequent course. In 7 animals mean arterial pressure started on a rapid 
downward course \ to 1) hours after reinfusion and the central pressure pulses 
showed characteristic changes of circulatory collapse. This precipitant type is 
illustrated by the graph of figure 1-A. A second group of six dogs maintained 
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mean arterial pressures of at least 90 mm. Hg for 2 to 2\ hours after which pres- 
sure more gradually declined to shock levels for the succeeding 2 to 4 hours. 
This delayed type is illustrated by the graph of figure 1-B. In both types, pro- 
nounced congestive and hemorrhagic changes in the duodenal mucosa and spotty 
subendocardial hemorrhages were usually found at autopsy. In a third group 
of 4 animals, arterial pressures were maintained at normal levels for 4 hours or 
more, while the pressure pulses retained good form and normal details. This 
type is illustrated by the graph in figure 1-C. Since our general experience indi- 
cated that animals which retain essentially normal arterial pressures for 4 hours 
do so for 8 to 10 hours, our experiments were generally terminated at this time. 
Since, furthermore, very slight or no pathological changes were seen at autopsy, 
we counted these as non-shock animals despite the fact that such operated and 
continually anesthetized dogs died subsequently. They were non-shock ani- 
mals in the sense that dynamic equilibration was maintained after restoring the 
blood lost by bleeding. 

A summary of the control animals in this series reveals that 13 out of 17 dogs 
or 76.5% died of hemorrhagic shock. The percentage is increased if we include 
the 4 animals which, to judge from postmortem changes, would probably have 
responded unfavorably. 

The effects of adrenal cortical extracts. We attempted to evaluate 
the efficacy of adrenal cortex preparations by determining whether animals 
treated or pretreated with such extracts show a greater tolerance for successive 
periods of moderate and severe hemorrhagic hypotension to which 76.5% of our 
untreated animals succumbed despite reinfusion of all the withdrawn blood. 
Comparisons of the percentage of recoveries, the course after reinfusion of blood 
and the changes observed at necropsy all serve as criteria. 

Since it remains questionable which of the substances isolated from the adrenal 
cortex might prove potent our studies were restricted to use of potent extracts 
of the whole cortex (ACE). Three such preparations were used, viz. (a) an 
experimental preparation furnished by the Research Laboratories of Parke- 
Davis and Co., and containing 40 grams of fresh cortex per cc., ( b ) a preparation 
(735-736) kindly supplied by Dr. Kendall of the Mayo Foundation, each cc. 
equivalent to 150 mg. adrenal cortex and (c) a solution furnished by Upjohn 
Co., standardized to contain 2.5 rat units per cc. 4 

Twenty-five dogs were bled as before and similar periods of post-hemorrhagic 
hypotension' were maintained. Of these, 9 had received an intramuscular in- 
jection of 10 cc. extract on the previous afternoon. Immediately after the first 
large hemorrliage, all received a continuous slow drip infusion of diluted extract 
which extended through most of the 50 mm. hypotension period. The beginning 
of such infusions was delayed until this time in order to prevent the loss of in- 
jected extract in the withdrawn blood. However, in two experiments (111, 
114) the extract was administered in larger divided doses and in three anima s 

< We are indebted to Dr. Knmm of Parke-Davis and Co., Dr. Kendall of the Mayo Foun- 
dation and Dr. Wenner or the Upjohn Co. for furnishing generous supplies of ACE for these 
experiments. 
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(127, 131, 133) 5 cc of extract was given with the intravenous anesthetic instead 
of during the preuous afternoon 


TABLE 2 


Result* of cortin groups showing amount of anesthetic agent, rectal temperature, net 
hemorrhage, intestinal changes , dosage and preparation of cortin 


rx? 
rx | 

1 

RECTAL TEMP 

NET TOTAL 
HEMOR 
RHAGE 
PER KILO 

1 

INTESTINAL 
CHANGES | 

ADRENAL Ft CP { 

1 

TRIM INC 
DOSE | 

TOTAL 


Surt | End | 

Non shock 



mim /kilo 






cc 

« 

116 

210 

36 9 

37 5 

45 

0 

Parke Davis 


20 

119 

175 



40 

? 

Kendall 


17 

135 

175 

38 1 

39 8 

41 3 

+ 

Kendall 

10 

20 

137 

175 

37 

36 

31 

? 

Kendall 

10 

20 

145 

170 

37 

32 

36 4 

+++ 

Kendall 


10 


Precipitant shock 


315 

170 

37 

; 36 8 

49 

+4-4- 

Parke Davis 


18 

117 

180 

38 

36 

38 3 

++ 

Upjohn i 


20 

118 

175 

36 

3S 

41 7 

+ 

Upjohn 


17 

121 

175 

35 8 

38 8 

33 3 

+ 

Upjohn 


20 

123 

165 



21 4 

+ 

Kendall 


22 

12-1 

175 

37 2 

36 

36 6 

++ 

Upjohn 


20 

126 

175 

36 9 

36 6 

33 

+T 

Parke Davis 


15 

131 1 

160 

38 

36 5 

24 5 

+++ 

Parke Davis 


20 

133 

170 

40 

! 38 

32 3 

0 or? 

Kendall 

10 

35 

136 ! 

225 

37 

j 38 2 

41 8 

+ + 

Upjohn 


10 

143 

175 

36 8 

35 

49 3 

+++ 

Kendall 

10 

20 

144 

180 

30 1 

34 2 

43 7 

+ 

Kendall 

10 

20 

14G 

175 

37 

32 

20 

+++ 

Upjohn 

10 

20 


Dela>ed ahock 


111 

200 

37 5 

38 5 

40 

++ 

Parke Davis 

10 

31 

122 

173 



54 

+ 

Parke Davis 


IS 


Accidental deaths at 30 mm hypotension 


112 

125 

38 

? 

37 0 

+ 

Parke Davis 

20 

25 

114 

165 

39 8 

40 

41 0 

+ 

Parke Davi3 

10 

25 

127 

175 

37 

36 5 

50 

++ 

Kendall 


20 

129 

200 

35 5 

36 

50 

++ 

Upjohn 


20 

142 

180 

37 

36 5 i 

40 

+ 

Kendall 


10 


Total experiments, excluding 5 accidental deaths, 20, percentage devclopingcirculatory 
failure, 75 


Results A survey of the streamlined data incorporated m tabic 2 shows that, 
agam excluding 5 accidental deaths during the 30 mm hypotension period, 15 
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of 20 dogs or 75% died from hemorrhagic shock after reinfusion of withdrawn 
blood. This is almost the same incidence found in untreated dogs. 

Plots of the course of events in separate experiments showed ho discoverable 
differences. Of the 15 dogs which developed shock after reinfusion of blood, 13 
were of a precipitant type, illustrated by figure 1-D, 2 displayed a delayed course 
illustrated by figure l-E, and 4 recovered as illustrated by figure 1-F, If any 
difference in the course of events were claimed, it would have to be that a precip- 
itant type of shock occurred far more frequently in these treated animals. All 
of the animals that died show’ed intensive changes in the duodenal mucosa and 
endocardium. Since quantitative evaluation is hazardous, it may be merely an 
impression or an accident that the congestion, edema and tendency to duodenal 
hemorrhage seemed to be even more intense in treated animals. If, as has been 
claimed, adrenal cortex extracts act favorably on capillaries, the reverse might 
have been expected. 

Effects on venous pressures. If, as has been claimed, the beneficial action of 
adrenal cortex extracts (ACE) consists in maintenance or restoration of capillary' 
tone or permeability, it may be anticipated that venous return and venous pres- 
sures would be benefited. In a previous report (2) the conclusion was reached 
that a lowering or progressive decline of effective venous pressure (EVP) ac- 
companied the progressive decline of arterial pressure in only 4 out of 12 experi- 
ments. The present series of animals treated in a more standardized manner 
offers additional information as to the course of venous pressures in untreated 
animals and by comparison possible differences in animals treated with ACE. 
Comparison of venous pressures at the beginning of experiments show that 40% 
of primed animals had an EVP over 80 mm. saline against 68% of unprimed 
animals. Obviously, pretreatment does not increase venous pressures. The 
following details may be recorded in substantiation of this conclusion. In 10 
dogs pretreated with ACE, EVP ranged from 40-59 mm. in 2; 60-79 mm. in 
4; 80-99 mm. in 2; 100-130 mm. in 2; whereas in 24 unprimed dogs EVP ranged 
from 40-59 mm. in 2; 60-79 mm. in 6; 80-99 mm. in 6; 100-130 mm. in 8 and 
from 138-180 mm. in 4. 

With the first large hemorrhage, which reduced mean arterial pressure to 
50 mm., actual venous pressures (VP) generally fell, as shorn in various plots 
of figure 1. However, as previously pointed out, intrathoracic pressure likewise 
changed as a result of the decreased thoracic blood content and changes in re- 
spiratory activity. In this series, intrathoracic pressure (during expiration) was 
not affected in 7, increased in 9 and decreased in 18 experiments. As shown by 
the plots of figure 1, this affected the magnitude but not the trend of changes 
in EVP. 

At the end of the 50 mm. period, VP remained lower than control values in 
6 untreated dogs ; it was the same in 6 and a trifle higher in 2. In the same group 
of 14 dogs, EVP was lower in 9, the same in 2 and higher in 3 cases. Of 21 dogs 
which had received ACE up to the end of this 50 mm. period, IT remained below 
control values in 14, was the same in 6 and a trifle higher in 2 cases. EVP was 
lower in 16, the same in 2 and higher in 3 cases. 
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Such results show (1) that on the whole EVP are definitely reduced during the 
whole period of moderate hypotension despite some tendency to rise as illustrated 
in graphs 1-A, B and D, and (2) there is no evidence that ACE favors such re- 
covery (cf. fig. 1, D-E-F). 

In comparison with the end of the 50 mm. period of hypotension, venous pres- 
sures showed variable trends during the subsequent 30 mm. period. This is 
partly due to the fact that pronounced slowing of the heart rather than rate of 
venous return flow may dominate the venous pressures. Such elevations of VP 
and EVP are illustrated in figure 1-A and D. In order to gain any information 
from venous pressures as regards rate of return flow, comparisons must be made 
before significant cardiac slowing sets in. Even when this was done could any 
consistent directional trend or any determining effect of ACE injections be found 
in untreated dogs. Thus, in 13 untreated dogs VP decreased in 4, remained 
unaltered in 6 and rose in 3 cases, while EVP decreased in 6, remained the same 
in 2 and rose in 5 cases. Similarly, in 13 dogs treated with ACE, VP decreased 
in 7, was the same in 3 and rose in 3 cases, while EVP decreased in 4, was un- 
changed in 3 and rose in 6 cases. 

Immediately after reinfusion of heparinized blood, EVP increased over con- 
trols except in 3 animals in which it returned just to normal and in 5 in w’hich 
it remained slightly lower. The latter was due to predominant changes in 
intrathoracic pressure. The subsequent course is best considered in relation to 
development of non-shock, precipitant shock and delayed shock in untreated 
and treated animals. In one untreated non-shock dog shown in the plot of 
figure 1-C, VP remained a little above normal to the end; in the other it was 20 
mm. lower than normal. In both EVP was lower. In 4 ACE treated dogs VP 
gradually decreased but remained above normal. EVP, as illustrated in figure 
1-F, also decreased in two, but was above normal in the other two. The most 
interesting fact in this group of experiments was the maintenance in two of nor- 
mal circulating balance for hours despite progressively decreasing AT and EVP. 

Of the animals which developed a precipitant type of shock, venous pressures 
could be accurately followed to the end in 4 untreated and II ACE treated dogs. 
Examples are shown in figure 1-A and D. In the untreated dogs VP was below 
control value in 2 and above this in 2 cases; while EVP was at or above control 
values in 3, and below in one (plotted as fig. 1-A). In the ACE treated dogs, 
AT was below normal in all except 3 cases, and EAT was less than normal in 
all except 5 cases. One of the latter is plotted as figure 1-D. In short 1, the 
development of precipitant shock after reinfusion of blood is not related to the 
trend of AT or EAT and 2, the trend is not affected by ACE therapy. 

Conclusions. On the basis of the incidence of irreversible circulatory failure, 
the course of its development, changes in venous pressures and pathological 
appearances at necropsj', w e are forced to conclude that pretreatment or treat- 
ment of dogs with large doses of ACE has no discoverable favorable effect in 
hemorrhagic shock. 

Discussion. The results of this investigation accord with our recent obser- 
vations on the ineffectiveness of ACE in fulminant shock (3, a). They are also 
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in agreement with the conclusions of many investigators. Since they are at 
variance with those of others, an attempt ought to be made to discover the cause 
of these differences. It i s particularly important to evaluate the extent to which 
different procedures and criteria have affected the conclusions reached. 

The use of adrenal cortex extracts was, we believe, first suggested by the fol- 
lowing series of discoveries: 1. Many physiological manifestations of shock and 
some pathological changes discovered at necropsy resemble those which occur 
during terminal stages of double adrenalectomy. 2. In such animals adrenal 
cortex preparations have a favorable effect in restoration of water, electrolyte 
and carbohydrate balances, on the recovery of arterial pressures and in preven- 
tion of death. 3. Minor insults, without effect on normal animals, induce 
shock in adrenalectomized dogs and this can be ameliorated, prevented or cured 
by adrenal cortex preparations. 

However, despite many similarities between the terminal manifestations of 
shock and of adrenal cortex insufficiency it remains to be demonstrated that 
adrenal insufficiency occurs in clinical or experimental types of shock in non- 
adrenalectomized dogs or men. The observations that the adrenal cortex is 
congested, hemorrhagic or depleted of its lipoids (4, 5) or that the distribution 
or excretion of adrenal steroids is changed (6) do not constitute sufficient evi- 
dence for such an hypothesis. In contrast to the dramatic revival of dogs mori- 
bund after adrenalectomy, no one has succeeded in halting the irreversible course 
of hemorrhagic, traumatic, surgical or toxemic shock by administration of cortex 
preparations in nonadrennleclomized animals. Maintenance of an adrenalecto- 
mized dog does not mean that the animal is entirely normal. Recent observa- 
tions of Swingle et al. (7) clearly showed that the effectiveness of adrenal steroids 
in ameliorating shock depends on the steroid or steroids previously used to main- 
tain the animals. But even an adrenalectomized animal, maintained on ACE 
has less hormonal reserve than an intact animal and could not have the reputed 
capacity of increasing its output of adrenal cortex hormones. Admitting that 
this could be rectified by administration of ACE in adrenalectomized animals 
and that this increases resistance to shock-producing agents, the corollary does 
not follow ipso facto that Cuch supplementary hormones are necessary or useful 
in non-adrenalectomized Cnimals. Therefore, the employment of adrenal cor- 
tex preparations cannot be regarded as replacement therapy. 

A second basis for their employment rests on two hypotheses: 1, that damage 
to capillaries constitutes an important factor in determining the irreversible 
state of shock and 2, that, adrenal cortical hormones favorably affect capillary 
permeability and tone. In support of the latter, experiments of Swingle and 
his associates have long been quoted despite the fact that they have emphasized 
repeatedly (8) that “the cortical hormone per se is probably not directly con- 
cerned with capillary permeability.” In 1938, however, they (9) produced all 
the circulatory changes of shock in adrenalectomized dogs by intestinal stripping 
without incurrence of characteristic electrolyte changes. They explained this 
by failure of capillary tonus, but produced no evidence for this explanation. 
More recently, Swingle et al (10) reported that serum infusions lead to circula- 
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tory collapse and edema in adrenalectomized dogs, but that this is prevented by 
use of ACE or DCA. They then reversed their previous interpretations and 
concluded that adrenal cortex preparations exert a favorable effect on capillary 
permeability. It should be noted in passing tliat the edema of the eyes, lips, 
cars, legs, abdominal walls and scrotum which they produced have hitherto not 
been described as manifestations of shock in intact animals. Cope et al. (11) 
recently reported that the protein content and enzymatic activity of cervical 
lymph obtained by the McCarrell method increases after adrenalectomy. This 
they interpret as evidence of increased capillary permeability in the regions 
drained. It would be interesting from the viewpoint of the permeability prob- 
lem to determine whether similar changes also occur in experimental shock. 
However, since such loss of protein to the lymph would normally be returned 
to the blood stream, it could not be a factor in blood protein depletion unless 
considerable edema occurred. 

In a recent review (12), attention was called to the paucity of experiments 
planned to test the effect of adrenal cortex preparations on permeability, directly. 
Since that time more such experiments have been reported In addition to 
earlier studies of Menken (13) and of Freed and Lindner (14), the Michael Reese 
investigators (15) reported that corticosterone which prevents the increased 
permeability of capillaries produced by leucotaxin does not prevent the increase 
due to peptone, whereas ACE does so. However, they also report (14, 16) that 
DCA which docs not pi event edema of a venous-occluded leg nor the increased 
permeability caused by leucotaxin is more potent than ACE m preventing shock 
due to such venous obstruction. Apparently, tins type of shock is benefited 
by adrenal factors otherwise than through changes in capillary permeability. 
Root and Mann (17) recently described the behavior of hepatic and mesenteric 
capillaries studied by the Ixnisely technique The}' observed the appearance of 
newly functioning capillaries, and dilatation, congestion and stasis both after 
intestinal manipulation and following release of a constriction about the limb. 
However, they noted no beneficial effects from ACE (Kendall preparations). 
Our own gross necropsy findings and microscopic examinations of fresh prepara- 
tions immediately after death showed that if the congestion and hemorrhage 
observed are due to alterations of capillary permeability or tone, such changes 
are not generalized during hemorrhagic shock, but are limited to the duodenal 
mucosa and endocardium. 

A conservative attitude would be that, while it is possible that capillary dam- 
age contributes to the ineversibihty in shock and that adrenal cortex factors 
can favorably counteract the damage which occurs in non-adrenalectomized 
animals, neither premise has been proved. Lacking concordant evidence that 
adrenal cortex preparations can be regarded as replacement therapy or that they 
influence the course of shock fav orabl}’ through an influence on capillary perme- 
ability or tonus, w c must rely on clinical observations or general experimental 
results. 

Studies on patients, always restrictive, are particularly so in critical states 
of circulatory failure. The reactions of patients to so subtle a form of therapy 
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as adrenal cortex extract are difficult to interpret owing to the uncertainty as to 
the course that would have been followed without therapy. Furthermore, other 
forms of treatment are usually given concurrently in order that a patient’s chance 
of recovery may not be jeopardized. If the favorable clinical reports (e.g., 
18, 19, 20, 21, 22, 23) are critically examined as to the evidence of efficacy rather 
than with regard to the conclusions voiced, few experimentalists would probably 
be convinced that real clinical benefit has been demonstrated. Furthermore, 
such impressions are at least partly contradicted by recent statistical studies 
(24, 25), and Robb (26) calls attention to possible deleterious cardiac effects 
of DCA. 

A critical analysis of experimental work also leaves the impression that in 
many instances the conclusions as to the practical value of adrenal cortical prep- 
arations in shock were not always warranted. A few examples may be given. 
Perla and associates (27) showed that adrenal cortex preparations enhance the 
resistance of adrenalectomized rats to lethal doses of histamine. However, 
no evidence is at hand that such death was due to shock and some question exists 
as to whether histamine can produce shock. Moreover, the fact that injection 
of epinephrine also protects adrenalectomized rats against histamine (28) sug- 
gests that there is nothing specific about the effect of ACE. 

Selye and his associates, stimulated by their hypothesis of a shock-counter- 
shock sequence to all forms of noxious agents, carried out several series of experi- 
ments on rats (for review cf. 29). These led to the conclusion that pure corti- 
costerone and ACE are very effective in combatting shock caused by surgical 
trauma and other means, whereas DCA is ineffective, A review of the work 
makes us hesitate to accept so sweeping a conclusion. They produced shock in 
rats in two ways; (1) by injection of formalin and (2) by hemostatic crushing of 
the intestines. The number of animals used in any series was not large. They 
used changes in blood volume, chlorides, sugar and hemoglobin as a criterion of 
shock and for evaluation of treatment. Changes in blood chlorides gave the 
most consistent results. We cannot accept such a criterion of shock or judg- 
ments of therapy based on such evidence, particularly since in one report (30) 
the data presented in animals shocked by intestinal trauma were not statistically 
significant as regards effects of ACE, and in another report (29) corticosterone 
treated rats only showed significant difference in chlorides when shock was pro- 
duced by formalin injection and in bleeding volume at death in animals shocked 
by intestinal trauma. 

Employing a different method for producing standardized body trauma with- 
out hemorrhage in rats, Noble and CoUip (31) in the same institution presented 
data of survivals from which no practical beneficial effect of ACE treatment 
could be deduced. Root and Mann (17) on the basis of survival and observation 
of capillaries during life, recently came to the same conclusion regarding the 
ineffectiveness of ACE in shock produced by ligation and release of a limb. In 
summary, it is our impression that experiments on rats are negative as regards 
the efficacy of ACE in shock. 

Heuer and Andrus (32) produced shock in dogs by injections of aqueous ex- 
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tracts of contents from obstructed intestines. The extracts probably contained 
histamine but were not chemically analyzed. They report that the effectiveness 
of plasmh. infusions is materially enlianced by addition of ACE. The number 
of experiments upon which this conclusion was based is not stated and deter- 
minations of plasma volumes in the experiments presented were made only at 
infrequent intervals. In view of the comparatively weak solutions of ACE 
which were available at the time and the emphasis which others place on the use 
of large doses of highly potent extracts, these and similar experiments should 
be confirmed. 

Wohl, Bums and Pfeiffer (33) report an apparent benefit and prolonged sur- 
vival of dogs with acute intestinal obstruction when physiological salt solution 
and ACE were used. They appreciated that their few experiments permitted 
only probable and not very certain conclusions. 

The observations of Weil, Rose and Browne (6) seem to suggest that ACE 
is effective and DCA ineffective in shock produced in rabbits by intestinal manip- 
ulation. In an adequate number of animals they found a mortality of 19% 
of ACE-treated as against 62% of untreated rabbits. In contrast to results 
with DCA, these differences are obviously significant statistically. The only 
question which arises is whether it is possible to inflict equivalent degrees of 
trauma by such a procedure. Without such assurance, any statistical analysis 
loses its meaning. One of us (W) has on previous occasions attempted to use 
this method on dogs and a survey of results during separate periods shows al- 
most as wide statistical variations in different untreated groups of dogs. 

The most substantial evidence has recently come from the Michael Reese 
laboratories. Perlow, Killian, Katz and Asher (34) devised a method of pro- 
ducing shock in dogs by fairly complete venous occlusion. Loss of blood plas- 
ma, — evidenced by swelling of the leg, histological sections, hematocrit changes 
and the prevention of shock by application of a plaster cast (35) — seemed to be 
the initiating factor, but not the sole factor determining irreversibility. The 
procedure seems to operate almost as effectively in anesthetized dogs (30). 

In such dogs, pretreatment with 1 3 to 3 mgm./kilo DCA decreased the initial 
rate of swelling, though ultimately this equaled that of control animals. Never- 
theless, the dogs appeared in better condition follow ing venous occlusion and the 
percentage of recoveries increased greatly. Still more recently, Schleser and 
Asher (16) found, however, that while pre-treatment with ACE reduces the ul- 
timate degree of swelling, the percentage of survivals is less than in pretreatment 
with DCA, but significantly greater than without treatment. 

An attempt to account for such positive and our negative findings on the basis 
that we created different types of shock and used different criteria is not wholly 
satisfying. There are as many similarities as there are differences. In both 
methods for producing shock the process was inaugurated by a reduction in cir- 
culating volume, the visceral changes found at necropsy were similar (though 
perhaps differing in intensity) and the percentage of deaths constituted the real 
criterion. However, the cause of the irreversibility remained unrevealed to 
both of our groups and may have involved different mechanisms or organs. It 
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is conceivable that the great loss of red corpuscles and stagnant anoxia in our 
animals accelerated the irreversible mechanisms to such an extent that they 
could not be halted by agents which are still effective when the damage develops 
more slowly. 

Reflections such as these require us to conclude that while our experiments 
render it improbable that adrenal cortex preparations are beneficial in shock 
which follows prolonged post-hemorrhagic hypotension they should not be 
quoted as precluding their effectiveness in types of shock in which loss of blood 
corpuscles or preshock hypotension are not significant factors. 


SUMMARY 

1. Technical details are given regarding a method for producing irreversible 
hemorrhagic shock by a two-stage bleeding and production of successive 50 
mm. and 30 mm. hypertensions for definite periods. 

2. Using this technique for producing standardized hemorrhagic shock in a 
new series of 21 control dogs, 76.5% succumbed either from a precipitant or 
delayed circulatory failure after reinfusion of all the blood withdrawn. 

3. Dogs pretreated and/or treated with ACE during the stage of moderate 
hypotension showed a 75% mortality. The incidence of a precipitant shock was 
greater and the pathological congestion and hemorrhagic tendency of the upper 
intestine and endocardium appeared to be more pronounced. 

4. A study of consecutive changes in auricular and effective venous pressures 
showed no difference in treated and nontreated dogs. When, toward the end, 
circulatory failure had supervened, effective venous pressures were sometimes 
above and sometimes below starting pressures in untreated animals but gener- 
ally below' original pressures in dogs treated with ACE. Development of pre- 
cipitant shock or maintenance of an efficient circulation were not related to 
the trends of venous pressure. 

5. On the basis of the incidence of irreversible circulatory failure, the course 
in its development, changes in venous pressures and pathological appearances at 
necropsy, we were unable to detect any beneficial effects from pretreatment or 
treatment of dogs with large doses of ACE in hemorrhagic shock. 
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Chemotherapeutic studies of malaria have demonstrated the desirability of a 
simple method for the routine estimation of the concentration of quinine in 
human plasma. Methods are available for the estimation of quinine in the blood 
but the majority of these involve the preliminary separation of the quinine by 
serial extractions and its concentration in a sufficiently small final volume for 
assa}'. Such methods have a high degree of specificity but are time-consuming. 

The present method obviates such extractions by precipitating the proteins 
in aqueous solution with metaphosphoric acid at a high dilution. The quinine 
in the filtrate is then directly estimated in the filtrate through its fluorescence 
in ultraviolet light. The measurement of quinine concentration by such a 
method includes fluorescent degradation products of the quinine if such are 
present. The error due to this circumstance is small and quite constant in the 
case of human plasmas. This fact, together with the simplicity and precision 
of the procedure, recommends the method for clinical use in the control and 
evaluation of quinine therapy in the human subject. 

Experimental. Protein Precipitation. A difficulty in the determination of. 
quinine in simply prepared protein-free filtrates of plasma arises from the ten- 
dency of quinine to be adsorbed on or occluded by the protein precipitate. This 
loss is determined largely by the precipitant used and to a lesser extent by the 
dilution at which the precipitation is performed. The most suitable precipi- 
tant of those tried is metaphosphoric acid. Loss of quinine during the precipi- 
tation of the plasma proteins is completely avoided with this precipitant by per- 
forming the precipitation at a high dilution and by the use of adequate amounts 
of acid. 

Assay of Quinine. The fluorometer selected for use in the present method 
is the Coleman Photofluorometer. This selection was based on the high sensi- 
tivity of the instrument, the linear relationship which obtains between galvan- 
ometer deflection and quinine concentration over the desired range (0.01 to 0.3 
micrograms per ec.) and the speed and simplicity of operation. The latter are 
desirable features and result largely from the design of the optical system which 
permits the use of selected 18 mm. test tubes instead of the conventional cu- 
vettes. 

i The work described in this paper was done under a contract, recommended by the Com- 
mittee on Medical Research, between the Office of Scientific Research and Development 
and New York University. 
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Quinine m u-ul *-olution fluoresces stronglj in ultrav lolct light, ind the in 
tensity nf emitted light is piopoitioiml to the quimm, concentration when the 
latter is low These cncumstances facilitate the use of fluorescence in the osti 
mation of quinine concentintion There aie ‘'itbstances m plasma filtiatcs 
which quench fluorescence Hits phenomenon exists as a difficult} in the direct 
determination of quinine m plasma filtrates However, it does not change the 
linear relationship of the intensify of fluoicsccncc to quinine concentration and 
so introduces no erroi in the estimation provided the quinine standards are pre 
pared using quinine fiee plasma filtrates as the diluent 2 
Propel h prepared filtrates of plasma manifest a small amount of fluorescence 
This is clueflv due to the native fluorescence of the glass cu\ ette and, to a smalloi 
extent, to the reagents used in the precipitation Non specific fluorescence of 
the filtrates is negligible and maj be disrcgaided 
Revgevts Standard Quinine 100 mgm per liter 120 7 mgm of quinine 
sulfate (C 2 oH->jOj1S«)-> H 2 S0 4 2H*0 are dissolved in tenthnormal sulfunc acid 
and made up to 1 liter It is stored in the ice box in an amber colored bottle 
The solution is stable under these conditions From this solution working 
standaids are prepared by dilution with water A solution of 1 mgm per liter 
retains its strength for at least a week with no other precautions than storage 
in the ice box 

Mctaphosphonc Acid 20% The acid sticks are dissolved by continuous shak- 
ing without heating Since this solution slowh undergoes hydiolysis to phos 
phone acid, it is made up ficsli every two weeks and stored in the ice box 

Procedure Plasma To a mixture of 1 part plasma and 39 of water 10 
parts of metaphosphonc acid are added with vigorous shaking After 15 mm 
utes the mixture is centnfugcd at high speed for 10 minutes The clear super 
natant liquid is decanted into a cuvette and compared in the photofluorometer 
with a suitable standard No acid is added since the filtrate is sufficiently acid 
to produce maximal fluorescence 

rslimahon of Quinine in Plasma Filtrates The standard is made up of fil 
trate of a quinine free plasma sample prepared in the usual manner It is pre 
pared by the addition of 0 5 cc standard quinine solution to 10 cc of the protein 
free filtrate, winch can be conveniently done in a cuvette A further portion 
of the quinine free filtrate is used foi the blank setting of the instrument The 
5% difference in the concentration of quenching substances in the unknown and 
standard introduces no measurable ciror 
The Coleman glass filtei B,S (Coming 587) is used to isolate the activating 
energy if the concentiation of quinine m the hltiates to be inal} zed is less than 
0 08 mgm pei litei , the C olemnn Ui filtei is used for high concentrations * A 

*The fluorescence of ti plasma filtrate containing quinine appears to differ from that of 
an aqueous solution mainly insofar as the filtrate contains chloride A 17% quenching of 
fluorescence results fi jm tl is nrrumstance and is quite constant from one filtrate to an 
other 

* Same as B,S filter with the ndditinn of a neutral screen and thus transmitting only 2S 
per cent of the activating light 
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Coleman glass filter PCi (filter combination = Corning 03S-f- -J23) is uw d to 
transmit the fluorescent light. 

Calculation of Results. The calculation of the quinine concentration of the 
filtrate is by simple proportion. In a 1:50 plasma dilution, using a 1 mgm. per 
liter quinine standard 
x,. 0.5 . 

- times jq g times 50 = mgm. of quinine per liter of original sample where 

x = reading of unknown 
y = reading of standard 


TABLE 1 


Recovery of quinine from 1 cc. of plasma 


f 

QUININE ADDED 

PLASlf A 1:50 ppt. 

Quinine found 

Recovery 


psm. 

Per cent 

0.5 

0.4G 

92 


0.52 

104 


0.47 

94 


0.49 

98 

1 

0.99 

99 


1.00 

100 


0.94 

94 


1.04 

104 

2 

2.02 

101 


2.04 

102 


2.03 

101 


2. OS 

104 

3 

3.03 

101 


2.09 

100 


3.04 

101 


3.07 

102 

5 

4.90 

9S 


5. OS 

102 


5.00 

100 


4. 84 

97 


The concentration of quinine in the original sample (mgm./liter) is equal to the 
product of the galvanometer reading and 0.0397 when the precipitation dilution 
is 1 :50 and the instrument is set at a galvanometer reading of 60 with the above 
standard. 

Precision. Recoveries of quinine added in various amounts to human plasma 
were performed to test the accuracy of the method. A series of such recoveries 

are presented in table 1. . . . 

These are consecutive analyses and are representative of other similar scries 
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TABLE 2 


Reproducibility of the estimation of quinine in plasma 


tissue 


DAY or ANALYSIS 


Q0IVTVE 


r*[m per liter 


Plasma A 


i 


3.07 

3.00 


2 


2.98 

2.9S 


Plasma B 


1 


2.20 
2.26 
2 20 

2 22 


2.20 

2 2 25 

2.24 

4 2.19 


2.19 

2.19 


TABLE 3 

Comparison of results obtained by extraction and protein precipitation procedures 


SPECIMEN 

A 

PXOTXIN PBICIPITATION 

PBOCEDUEC 

s 

XATIO a/b 


trt[m /liter 

mim / liter 


1 

1 64 

1.94 

0 85 

2 

2.70 

2.09 


3 

5.52 

6 21 

0.S9 

4 

5.4G 

6.43 

0.86 

5 

7. OS 

7 84 

0.90 

6 

3 53 

3 78 

0.94 

7 

3 64 

4. 28 

0 85 

8 

1 17 

1 25 

0.94 

9 

5 46 

5 98 

0.91 

10 

7.23 

S.52 

0.85 

11 

8 40 

9.01 

0.93 

12 

G.90 

7.01 

0.98 

13 

5 29 

6 13 

0.87 

14 

6 SO 

7.33 

0.93 

15 

0 95 

0.9S 

0 97 
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performed over a period of a year. The stability of the quinine in plasma and, 
incidentally, the reproducibility of the estimation is demonstrated by the data 
in table 2. 

The latter analyses, performed immediately and on succeeding days, were on 
samples of plasma of patients to whom quinine had been a dmin istered per os. 

Specificity. A series of human plasma samples were studied to determine the 
extent to which the metaphosphoric acid filtrates contain fluorescent degradation 
products of quinine with different solubility characteristics. Fifteen plasma 
samples obtained from 8 patients on quinine therapy were used in the examina- 
tion. Plasma quinine concentration was estimated by the method detailed 
above and by an extraction procedure. The latter (1) involves an extraction of 
the quinine into ether as the free base and its return to an aqueous phase as the 
salt before fluorometric assay. This examination (table 3) indicates that the 
present simplified procedure in the estimation of concentration includes a small 
and fairly constant proportion of fluorescent degradation products which have 
solubility characteristics different from quinine. This amounts to a mean of 
11%. The maximal variation in the case of individual samples w T as 2 and 15%. 

Discussion. It is clear that recovery of quinine from plasma is excellent at 
concentrations of 1.0 mgm. per liter and higher. The method as described has 
precision and speed. These characteristics together with a reasonable degree 
of specificity recommend it during quinine therapy of malaria. The reproduci- 
bility of the analysis of plasma samples on succeeding days demonstrates that 
quinine in these fluids is quite stable, so that samples may be stored a number of 
days prior t-o analysis. 

It is of interest to note that of the other important alkaloids of cinchona bark, 
only quinidine was found to fluoresce appreciably. The intensity of fluorescence 
of quinidine is the same as quinine and a limited series of recoveries from plasma 
yielded results comparable to those reported here for quinine. 

SUMMARY 

A simple precise method is described for the estimation of quinine in human 
plasma. The proteins of these fluids are precipitated with metaphosphoric acid 
and the quinine concentration in the filtrate assayed by measuring the intensity 
of its fluorescence in ultraviolet light. An identical procedure may be used for 
the estimation of quinidine in plasma. 

REFERENCE 

(1) Kelsey, F. E„ and Geiling, E. M. K., This Journal, 76: 2S3, 1042. 



THE COMPARATIVE ACTIVITY OF QUININE, QUINIDINE, CIN- 
CHONINE, CINCHONIDINE AND QUINOIDINE AGAINST PLAS- 
MODIUM LOPHURAE INFECTIONS OF PEKIN DUCKLINGS 

A. 0. SEELER, E. DUSENBERY and C. MAIANGA 
From the Merck Institute for Therapeutic Research, Rahway, N. J. 

Received for publication March 23, 1913 

The present shortage of quinine has focused attention on totaquine, a mixture 
of the cinchona alkaloids, as a substitute for quinine in the control of malaria. 
The original standards (1) for totaquine, which were established by the Malaria 
Commission of the League of Nations, specified that the mixture should contain 
no less than 15% of quinine. The following monograph will appear in a sup- 
plement to U.S P. XII: “Totaquine is a mixture of alkaloids from the bark of 
Cinchona sttcciruba Pavon and other suitable species of Cmchona. It contains 
not less than 7% and not more than 12% of anhydrous quinine and a total of 
not less than 70% and not more than 80% of the anhydrous crystallizable 
cinchona alkaloids, the designation crystallizable alkaloids referring to cinchoni- 
dme, cinchonine, quinidine and quinine". In order to decide what effect a 
lowering of the quinine content and change in proportion of the other crystalliz- 
able alkaloids might have on the antimalarial activity of the final product, it 
is essential that we know the relative activity of the cinchona alkaloids. It is, 
furthermore, essential that the toxicity of the alkaloids be known* otherwise 
variations in the constitution of totaquine might be accompanied by serious 
alterations in the toxicity of the drug. 

The literature contains a number of reports concerning the activity of the 
cinchona alkaloids against avian malaria Sergent, Sergent and Catanei (2) 
fouwd \r> less aetwe. tfo&w quiaiws. iw 

appearance of parasites in infected canaries and cinchonine in turn to be less 
actixe than cinchonidmc. They did not investigate the activity of quinidine 
as they regarded it to be too toxic to deserve consideration. Giemsa, Weise 
and Tropp (3) however, reported that quinine and quinidine were about equally 
active against canary malaria and that cinchonine was the least active of the 
three On the other hand, Goodson, Henry and Macfic (4) state that in their 
experiments there was little difference in activity among the four alkaloids. 
Buttle, Henry and Trevan (5), in their studies on canary malaria, found cin- 
chonidine and quinidine to be about one half as active and cinchonine less 
than one fifth as active as quinine. 

Although the published data do indicate that all four crystalline alkaloids 
show antimalarial activity, it is apparent that the various investigators do not 
agree on the relative activity of the drugs. The experiments cited above were 
all performed on canary malaria which until recently was the most satisfactory 
available means for studying the chemotherapy of malaria in the laboratoiy. 
The relative activity of the drugs was estimated by comparing the average 
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incubation period of the treated with that of untreated controls. Unfortunately 
there was a wide variation in the time of appearance of the parasites following 
intramuscular inoculation of infected material, Goodson ei al. (4) statingthat 
in their experiments the incubation period varied from three to eleven days 
with parasites appearing between six and nine days in 83% of their birds. It 
is probable that in none of the studies mentioned was a sufficiently large number 
of canaries used so that a satisfactory quantitative comparison of the alkaloids 
could be made. 

The recent discovery by 'Wolfson (6) that ducks could be infected with 
Plasmodium lophurae has given experimental chemotherapy of malaria a valuable 
tool. This parasite responds to the administration of drugs which are effective 
in human malaria. Studies have been published on the effect of drugs on P. 
lophurae infections of ducklings (7, 8). It has been found, furthermore, that 
the response of the infections to given doses of the drug is quite constant, 
provided that uniform experimental conditions are maintained, and this offers 
a method for a reasonably quantitative comparison of the activity of antimaiarial 
drugs. In this communication we report experiments which compare the 
activity of quinine, quinidine, cinchonine, and cinchonidine against the schizonts 
of Plasmodium lophurae, together with data on the activity of two samples of 
totaquine and of a sample of quinoidine, the name given the residue following 
the extraction of the crystalline alkaloids. 

Experimental. Pekin ducklings weighing about 50 grams each were inoc- 
ulated intravenously with 2,000,000 erythrocytes parasitized by P. lophurae. 
The course of the infections was followed by daily parasite counts beginning 
on the fourth day following inoculation. In making the parasite counts, 10,000 
red cells were counted. In untreated birds the course of the disease was acute 
with an average of 80% of cells parasitized on the 10th day and death of the 
majority of the birds on the 10-12th day. The Quinine Sulfate U.S.P., Quini- 
dine Sulfate U.S.P., Cinchonine Sulfate N.F., and Cinchonidine Sulfate N.F. 
which were used in these experiments were obtained from a commercial source 
and were not submitted to further purification. The quinoidine sulfate repre- 
sented the residue of a lot of bark after the extraction of crystalline alkaloids. 
This material varies widely from lot to lot and its chemistry is not understood. 
The analysis 1 of the two samples of totaquine was as follows: 



TOTAQUINE 1 j 

TOTAQUINE II 

Anhydrous quinine . 

Anhydrous cinchonidine 

Anhydrous cinchonine 

Anhydrous quinidine 

Per cent 

IS. 9 

28.9 

32.0 

0 0 

per cent 

55. G 

24. G 

4.7 

0 0 

— * * 1 

Total alkaloids . • • • ] 

79 8 

84.9 


i The analysis of these samples v. as given us by Dr. Rosin of Merck & Co , Inc. 
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The drugs were dissolved in water and given to the ducklings by stomach tube 
once daily for the first six days following inoculation, with daily adjustment of 
dose to the weight of the duck. The experimental results are tabulated in 
table 1. For convenience the daily parasite counts on each group of birds have 
been averaged. It is apparent that there is relatively little difference in activity 

TABLE 1 


Activity of cinchona alkaloids against the schizonts of Plasmodium, lophurae in Pekin 
ducklings 


MOO* 

DOSE 

no or 
DOCKS 

no or rAiAsmzzD esythsocytes pee 10,000 
zxrmocYTES 

DAYS Aim DfOCtJLAnON 




4 | 

5 

6 

7 

8 

10 

12 

Cinchomdine 

per kin 

10 

4 

29 

84 

92 

264 

286 

1440 

2700 


20 

12 

6 

7 

4 

3 1 

2 

1 

4 


40 

4 

2 

4 

2 

0 

3 

1 

0 

Quinidine 

10 

4 

33 

89 

95 

141 

213 ! 

923 

1972 


20 

12 

10 

9 

5 

4 

1 

1 

2 


40 

4 

3 

4 

4 

3 

1 i 

2 

1 

Cinchonine 

10 

4 

32 

55 

88 

116 1 

107 

433 

920 


20 

12 

17 

20 

18 

18 

19 

40 

330 


40 

4 

4 

7 

6 

2 

3 

1 

2 

Quinine 

10 

4 

30 

47 

69 

108 

527 

5291 

4667 


20 

12 

10 

14 

13 

10 

5 

23 

146 


40 

4 i 

1 

2 

3 

0 

3 

0 

0 

Quinoidine 

100 

3 

32 

48 

88 

153 

203 

1025 

2744 


200 

3 

13 

17 

25 

35 

76 

107 

677 


300 

3t 

6 

6 

11 

5 

8 

11 

32 

Totaquine I 

20 

8 

13 

12 

13 

9 

7 

3 

93 

Totaquine II 

20 

8 

2 

3 

3 

2 

1 

0 

7 

Controls 


20 

65 

153 

520 

1155 

3363 

7652 

Dead 


* Drugs were administered in aqueous solution by stomach tube once daily for the first 
six days following inoculation, 
t One duck died on the 6th day 


among quinine, quinidine, cinchonine and cinchonidine. Both samples of 
totaquine showed activity comparable to that of quinine. The quinoidine was 
considerably less active than the crystalline alkaloids. 

Toxicity determinations were made on 20 gram albino mice of the Carworth 
Farms CF1 strain These mice had been kept in an air-conditioned laboratory 
for three weeks on a stock diet and appeared to be in good condition when 
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placed on experiment. The drugs in aqueous solution were a dminis tered by 
stomach tube in one dose and the mice were kept under observation for seven 
days. The results of these experiments are given in table 2. The acute oral 
toxicity of the four crystalline alkaloids in the mouse is about the same, although 

TABLE 2 


Oral toxicity of cinchona alkaloids in mice 


SAMPLE 

DOSE 

NO. or 

ANIMALS 

MOR- 

TALITY 

24 

HOURS 

2 

3 

LATE DEi 

1 4 

whs: DAI 

5 

fS 

6 

7 


grarts/kgtn. 









Quinoidine 

0.4 

10 

3 

0 

0 

0 

0 

0 

0 


0.6 

10 

8 

0 

0 

0 

0 

0 

0 


0.8 

10 

8 

0 

0 

0 

0 

0 

0 


1.0 

10 

10 








1.2 

10 

10 







Cinchonine 

0.6 

10 

0 

0 

0 

0 

0 

0 

0 


0.8 

10 

3 

0 

0 

0 

0 

0 

0 


1.0 

10 

6 

0 

0 

0 

0 

0 

0 


1.2 

10 

7 

0 

0 

0 

0 

0 

0 


1.4 

10 

8 

0 

0 

0 

0 

0 

0 


1.6 

10 

8 

0 

0 

0 

0 

0 

0 

Quinidine 

0.4 

10 

0 

0 

0 

0 

0 

0 

0 


0.6 

10 

1 

0 

0 

0 

0 

0 

0 


0.8 

10 

4 

0 

0 

0 

0 

0 

0 


1.0 

10 

9 

1 







1.2 

10 

9 

0 

0 

0 

0 

0 

0 


1.4 

10 

9 

0 

0 

0 

0 

0 

0 

Quinine 

0.6 

10 

0 

0 

0 

0 

0 

0 

0 


0.8 

10 

4 

0 

0 

0 

0 

0 

0 


1.0 

10 

5 

0 

0 

0 

0 

0 

0 


1.2 

10 

8 

0 

0 

0 

0 

0 

0 


1.4 

10 

7 

0 

0 

0 

0 

0 

0 


1.6 

10 

8 

0 

0 

0 

0 

0 

0 

Cinchonidine 

0.4 

10 

1 

0 

0 

0 

0 

0 

0 


0.6 

10 

4 

0 

0 

0 

0 

0 

0 


0.8 

20 

11 

0 

0 

0 

0 

0 

0 


1.0 

10 

8 

0 

0 

0 

0 

0 

0 


1.2 

10 

10 

0 

0 

0 

0 

0 

0 


cinchonine is slightly more toxic than the other three. These toxicity figures 
are about the same as those reported by Buttle, Henry and Trevan (5) for 

canaries. . , , . ... , , 

The fact that there is little difference in the activity of the four crystalhzable 

cinchona alkaloids against the schizonts of P. lophurae and that the acute oral 
toxicity of the four drugs in the mouse and the canary is about the same suggests 
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that a mixture of the alkaloids should prove as satisfactory an antimalarial as 
quinine regardless of the relative proportion of the individual drugs in the mixture. 
Quinoidine should not be used as it is less active and more toxic than the ciys- 
tallizable alkaloids. 


SUMMARY 

1. Quinine, quinidine, cinchonine and cinchonidine show about the same 
activity against the schizonts of P. lopkurae in Pekin ducklings. 

2. Quinoidine is considerably less active than the four crystalline cinchona 
alkaloids. 

3. Two samples of totaquine varying Rudely in their quinine content were 
as active as quinine in duck malaria. 

4. There is little difference in the acute oral toxicity for mice among the four 
crystalline alkaloids. Quinoidine is more toxic than the crystalline alkaloids. 
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_ Since the discovery of penicillin by Fleming (I) in 1929 a number of investiga- 
tions have been carried out on antibacterial substances produced by micro- 
organisms. As a result of these investigations it has been shown during the 
past few years (2-7) that besides Fleming's Pcnicillium notalum other fungi and 
bacteria are able to produce powerful bacteriostatic and bactericidal agents. 
Some of these substances such as gramicidin and lyrocidin (8) are quite toxic. 
On the other hand, penicillin (9) seems to have almost no toxic action. The 
search for relatively non-toxic substances among this group of extremely active 
bacterial inhibitors is of great interest for the development of new chemothera- 
peutic agents. 

While studying the production of penicillin we isolated a mold belonging to the 
Aspergillus fiavus group which produced a powerful antibacterial substance. 
This mold appeared as a contaminant on one of our cultures of Penicillium 
nolatum and our interest was aroused in it due to our finding that it was able to 
dissolve Staphylococcus aureus and Staphylococcus albus. On further study we 
have found that this Aspergillus released in the culture medium an inhibitory 
substance which was active against a large number of bacterial species. We 
have succeeded in partially purifying this substance to an extent that its activity 
per milligram is comparable to that of “therapeutic” penicillin (9, 10) against 
Gram positive cocci. 

Reviewing the literature we were able to find only two references to anti- 
bacterial substances produced by molds of the Aspergillus flavus group. White 
(3) reported in 1940 that a strain tentatively identified as belonging to the 
Aspergillus flavus group released in its cultures substances which inhibited the 
growth of a number of bacteria. In a further communication White (4) men- 
tions a crystalline substance extracted from cultures of au Aspergillus flavus 
which inhibited the growth of Streptococcus hcmolylicus and other organisms. 
It is impossible to tell from the available data whether there is any relationship 
between the antibacterial substance obtained by White and ours. 

This present paper describes the optimum conditions for growing our mold, 
the extraction and partial purification of the active substance, to which we 
shall refer as flavicin ? We shall also describe the activity of the substance 
against 17 bacterial species and its acute toxicity in mice. 

1 The funds for carrying out tills work were kindly given to us by the Mnllinckrodt Chem- 

ICS 2 In ^abstract of this paper (11) our antibacterial substance is referred to as aspcrgillin. 
Due to tbe possible confusion with White’s aspergillic acid (12) we thought it advisable to 
change the name of our antibacterial substance to flavicin. 
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Experimental Properties of the mold The mold isolated by us has the 
morphological and cultural characteristics of the jellow green Aspergilh de- 
scribed as the Aspergillus flavus group m Thom’s monograph (13) Our stram 
grows well on ordinary media and the growth is especially nch on media to which 
dextrose or other sugars have been added Under these conditions the mold 
covers the surface of the culture media m 24-28 hours at 35-37°C The mold 
grows well at room temperature although it covers the surface somewhat more 
slowlj The color of the conidia vanes from light yellow to dark green de 
pending on the medium and on the age of the culture When inoculated 
on a culture of Staphylococcus aureus or Staphylococcus albus the mold 
grows well on the surface and the Staphylococci are dissolved in 2-3 dajs at 
37°C 

Production and testing of flavicin For the production of flavicin the mold is 
grown by us on the following modified Czapek Dox medium 


IsaNOj 

USP 

3 0 Grams 

Dextrose 

Pract 

20 0 Grams 

NajHPCh (anhydrous) 

C P 

2 0 Grains 

MgSOt 7H,0 

USP 

0 25 Grams 

Concentrated com steep water 1 


20 0 cc 

Distilled v\ater to make 


1000 0 cc 


The medium is distributed m special culture flasks m shallow layers approxi 
matelj 2 cm deep The antibactenat principle appears in appreciable quanti- 
ties m four days and its concentration mcreases for 3-4 days Cultures grown 
at 35°C are ready to be harvested six to eight days following inoculation 
The activity of the culture fluids is tested bj the serial dilution method in 
broth tubes against a strain of Staphylococcus aureus The serial dilution 
method, although somewhat laborious, has been found bj us quite reliable and 
easy to duplicate Previous to testing the culture fluids, samples thereof are 
filtered through glass bacteria filters to insure sterility Our Staphylococcus 
aureus strain has been dned by the lyophilic method and is mam tamed in the 
dried state A 24 hour broth culture is used for the actual testing To simplify 
our discussion we shall refer to the dilution factors as Units If a given flavicin 
solution inhibits the grow th of our test organism at a dilution of 1 1000 w e refer 
to that solution as one having 1000 Units per cc A Unit is then the amount 
of activ e substance w Inch dissolved in 1 cc of broth inhibits the grow th of our 
strain of Staphylococcus aureus (standard inoculum approximately 40,000 organ 
isms per cc ) for 24 hours Our end point is a perfectly clear broth solution 
Control cultures are made with every test 
Aspergillus cultures of 6-8 days have an activity of 10-30 Units pel cubic 
centimeter The medium has a considerable influence on the bacteriostatic 
activity produced bj the mold The addition of com steep water to the modi 
fied Czapek Dox medium greatly increases the production of flavicin Hovvev er 
a careful study of the ideal conditions for flavicin pioduction has not jet been 
* Supplied by the A E Staley Manufacturing Company, Decatur, Illinois 
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made by us. Just as the production of penicillin has been made much more 
efficient since the first studies carried out by Fleming (1) we believe that the 
fiavicin production could be increased by finding the ideal cultural conditions. 

Extraction of flamtin. The cultures were prepared for extraction by filtering 
through a fine sintered glass Buchner funnel with calcium carbonate as a filter 
aid. The clear filtrate was acidified in 200 cc. portions to pE 2.5-3 with 5M 
phosphoric acid and extracted by purified isopropyl ether in a spray column. 
By extraction of the ether with a slight excess of 0.2N NaHCCh (5-10 cc. per 
liter of culture) a yield of 75-100% of the active material was usually obtained. 

TABLE 1 


Activity of partially purified fiamcin* against 16 bacterial species 


BACTERIA!. SPECIES 

WCV OF IXAVICIH TER CC IV BROTH 

rsoHuaso cowitete eactxriostasis 

TOR 24 BOORS 

Staphylococcus aureus . . 

.00S or 1:125000 

Staphylococcus albus . 

00S or 1:125000 

Streptococcus hemolyticus 

.0010 or 1:025000 

Cwynaharteriuro diphlbcrise (Gravis type ) 

.0032 or 1:312500 

Bacillus anthracis 

.0010 or 1:625000 

Eberthella typhosa 

.8 or 1:1250 

Salmonella paratyphi A 

Not inhibited by .8 mgm./ce. 

Salmonella paratyphi B 

Not inhibited by .8 mgm./cc 

Escherichia coli 

Not inhibited by .8 rogrn /cc. 

Bacillus FriedlSnderi 

Not inhibited by .8 mgm./cc. 

Pasteurclla pestis , 

Not inhibited by .8 mgm /cc. 

Shigella dysenteriae 

.8 or 1:1250 

Shigella paradysenteriac Fle\ner 

S or 1:1250 

Brucella abortus 

00 or 1:10000 

Vibrio cholerae 

S or 1:1250 

Bacillus subtilis 

.10 or 1:0250 


* The sample of partially purified fiavicin used in this table was the one described above 
which weighed 290 mg. 


Purification of fiavicin. Partial purification of the fiamcin extracts is ac- 
complished by acidifying the sodium bicarbonate solution of fiamcin and remov- 
ing the precipitate formed by filtration. The filtrate contains most of the anti- 
bacterially active material while the precipitate contains most of the toxicity. 
In a typical experiment 50 cc. of a bicarbonate solution containing 800±200 
Units per cc. was cooled in ice and acidified to pH 2-3 with 5M HjPO,. The 
yellow precipitate was removed by filtration and the aqueous solution shaken 
under CO- with 50 cc. of ice-cold isopropyl ether, previously saturated with 
CO- The isopropyl ether layer was pipetted off, washed under a CO- atmos- 
phere with two small portions of cold distilled water, centrifuging each time. 
The aqueous layers were then likewise washed successively with a second 50 cc. 
portion of isopropyl ether. The combined isopropyl ether solutions were 
distilled at 0° to dryness in a stream of CO- at a pressure of 30-35 mm. Hg. The 
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yellow-orange glassy residue weighed 290 mgm., was dissolved in 5 cc. of 0.4N 
sodium bicarbonate solution and used for the determination of the activity of 
partially purified fiavictn. 

Activity ofjlavicm . The activity of our partially purified solid material tested 
against 10 bacterial species can be seen in table 1. In a later experiment it was 
found that Pneumococcus Type III was also inhibited by 0.2 Staphjdococcus 
Unit per cc. The inhibition of bacterial growth at the dilutions represented 
in the table is complete. Partial inhibition takes place at much higher dilu- 
tions; however partial inhibition is difficult to measure accurately and it has 
not been included in the table. 

Toxicity of flavicin. The concentrated crude extracts of these Aspergillus 
cultures are quite toxic. By the purification procedure described above the 
toxicity of the extract can be decreased considerably. The median lethal dose 
of our partially purified Jlavicin (the sample used for table 1) was 40 mgm /kgm. 
(5000 Units/kgm ) when administered to mice by the intraperitoneal route. 
Further purification of the antibacterial substance has been accomplished after 
filtering off the toxic precipitate, by extracting the filtrate with several portions 
of toluene Subsequent extraction by isopropyl ether yields a product which 
has an activity of 1G0 Units per mgm. and which failed to cause any effect in 
10 mice when injected lntrapentoneally in the amount of 375 mgm /kgm * 

Mode of action of flavicin. As indicated in table 1 fiametn inhibits the growth 
of a number of bacterial species at high dilutions. It was of interest to deter- 
mine whether the antibacterial action of Jlavicin consists purely of inhibition of 
grow th or whether it actually kills bactena In an experiment, represented in 
table 2, jlamcin solution was added to a suspension of Staphylococcus aureus 

« After the submission of this manuscript for publication we obtained a sufficient amount 
of our purest Jlav tern to carrj out a limited experiment on its activity tn vino, the results 
of which are shown in the following table The amount of drug available made it neces- 
sary to treat relatively few “ice with rather low doses for a limited period At no time 
nas there the slightest evidence of symptoms in the surviving animals which could be 
attributed either to the infection or to the action of flavicin 

Action of flavicin on pneumococcal infection tn mice 

Organism Pneumococcus Type I 

Infection Intraperitoneal injection of 0 1 cc of a dilution of a 12 hour broth culture 

Treatment 15-30 minutes after infection flavicin* a as given intravenously (50 mgm/ 
kgm ) and subcutaneously (50 mgm /kgm ), thereafter at three hour intervals 25 mgm / 
kgm i\ as given Bubeutaneously for a total of 51 hours (total dose 525 mgm /kgm = 8t,000 
Units/kgm ) 


DICC | 

NCVBEK 
or MICE 

CCXTUIE 

SUCTION 


TOTAL NUMBER OP MICE BE; 

id Am* 



1 day 

1 J days 

2 da yi j 

2.5 da> s 

3 days 

4 days 

5 days j 

20 days 

Flat ictn 

10 

10'« 

0 

0 

0 

0 

1 

i 

2 

2 

None 

20 

10-* j 

5 

17 

18 

20 i 





None 

10 

io-« 

0 

o 

0 

10 






* Flanctn as sodium salt m oater 800 Umts/ccm «= 5 0 mgm /ccrn. 
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in broth in the amount of 30 Units per cubic centimeter. Samples were taken 
every hour and the number of viable bacteria was determined by plate counts. 
As shown in table 2, the number of viable organisms decreased considerably 
after one hour at 37° and after 3 hours more than 99.9% of the organisms were 
non- viable. We may conclude from this experiment that flavicin has a definite 
bactericidal action against Staphylococcus aureus. 

Discussion. Flavicin, like penicillin, is a water-soluble and ether-soluble 
organic acid which has a powerful antibacterial activity. It thus differs from 
gramicidin, lyrocidin and penicillin B (14) which are protein or polypeptide in 
nature. Flavicin resembles penicillin in another respect: it is unstable in an 
acid environment, particularly on shaking with air. Although both penicillin 
and flavicin inhibit especially Gram positive cocci, on the basis of their activity 

TABLE 2 


Bactericidal action of flavicin against Staphylococcus aureus 


TIME 

NUMBER OF VIABLE OKCAN1SUS (THOUSANDS FEE CC.) 


Flavicin, 30 Units per cc. 

Flavicin, 5 Units per cc. 

Control broth 

hours 

0 

1351 

2387 

1987 

1 

800 

1393 

1525 

2 

25 

218 


3 

<4.2 

53 

26250 

4 

<.84 

26 


5 

<•17 

16 


6 

<•17 

6 

293750 

24 


<•005 



against Staphylococcus aureus as a standard flavicin is more active against C. 
diphtherias, B. anthracis, Staphylococcus albus and Brucella abortus than is 
penicillin. Although there is much work to be done in order to determine the 
range of activity of flavicin, from the available evidence we may conclude that 
it is a powerful antibacterial agent which affects a wide variety of bacterial 
species. 


SUMMARY 

A mold of the Aspergillus flavus group was found to produce an antibacterial 
agent. The extraction, partial purification, bacteriostatic and bactericidal 
activity and acute toxicity of this substance are described. 

We wish to thank Dr. Roy C. Avery for supplying us noth the strains of 
bacteria used in our experiments. 
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In demonstrating strychnine convulsions to a class for want of other rats some 
rats were used which had received sodium pentobarbital 32 mgm./kgm. about 22 
hours before. Very few typical convulsions were obtained and none of the rats 
died. Therefore, it was decided to investigate the problem further. Other 
methods have shown the persistence of barbiturates in the body for some time, 
and it was thought this study might throw additional light on the problem. 

Chemical analyses have revealed the presence of various barbiturates in the 
body many hours after their administration. Pentobarbital was found in traces 
in the blood of the dog 12 hours after the intravenous administration of 100 
mgm./kgm. None was found in the blood, brain, kidney, liver, or muscle of a 
rabbit five and one-half hours after administration of the same dose (l). Bar- 
bital was found in dog blood 24 hours after the administration of sodium barbital 
225 mgm./kgm. (2). Newborn rabbits contained barbital when delivered IS 
hours after the mother received 100 mgm./kgm. of sodium barbital. There was 
none found in newborn rabbits delivered 42 hours after the administration of 250 
mgm./kgm. of sodium barbital to the mother (3). Mezey (4) made some motor 
and computing tests on human adults twelve hours after the oral administration 
of dial 0.2 grams, barbital 0.3 grams, and phenobarbital 0.3 grams. The motor 
tests did not vary from normal but the performance of mathematical tests was 
decreased in all of 7 subjects who received phenobarbital, decreased in 4 of 7 
by dial and equal in 3. After barbital 4 of 6 subjects showed unchanged per- 
formance, decreased in one and increased in one. 

Procedure. Rats weighing ISO grams or more were divided into 4 main groups for 
study. Group I was used for investigations on strychnine and sodium pentobarbital, 
Group II for investigations on strychnine and sodium phenobarbital. Group III was used 
for investigations on picrotoxin and sodium pentobarbital and Group IV for investigations 
on picrotoxin and sodium phenobarbital. Within each of these groups one sub-group was 
given a barbiturate 20 minutes (before the convulsant and a second sub-group was given a 
barbiturate 22 hours before the convulsant. The sub-groups within each group were 
matched for sex and weight. These were also matched against controls. 

All drugs were given by intraperitone3l injection. Strychnine was given in doses of 3 
mgm./kgm. as the sulfate. Picrotoxin was given in doses of 7 mgm./kgm. Sodium pento- 
barbital was given in doses of 32 mgm./kgm. This dose had been shown to produce a loss 
of righting reflex in 19 out of 20 rats (5). Sodium phenobarbital was given in doses of 19 
mgm./kgm. This d<Jse did not cause a loss of righting reflex in any rats studied. It pro- 
duced varying degrees of inco-ordination in some of the rats and no observable effect in 
others. The relatively small dose of phenobarbital was chosen because of its known 
prolonged action. 
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Results and discussion The average weight of the rats before receiving 
either barbiturate and the average w eight 22 hours later were the same Strych- 
nine when given alone in the dose of 3 mgm /kgm killed 31 out of 40 rats 
(table 1) Of 40 rats receiving sodium pentobarbital 20 minutes before strych- 
nine 7 died Of 40 rats which received the same barbiturate 22 hours before 
strychnine 21 died The difference in death rate between the rats receiving 
str> chmne alone and those receiving sodium pentobarbital 22 hours before strych 
nine was 2 35 times the standard error of the difference This makes it seem 
probable that the difference is a real one The difference in death rate betw een 
the rats receiving strychnine 20 minutes after sodium pentobarbital and those 
receiv mg the convulsant 22 hours after the barbiturate is 3 48 times the standard 
error of the difference Although a greater numbei of rats are killed bj strych- 
nine 22 hours after sodium pentobarbital than 20 minutes after sodium pento- 
barbital, the pentobarbital seems to offer some real protection e\ en 22 hours after 
its administration 


TABLE I 


Effects of the administration of strychnine 3 mgm / kgm with and without barbiturates 



$mcaM»r 

PENT0BAE8ITA1 | 

32 VCU /ECU 

N* PHINOBAEBrTAL, 

19 MCW /ECU 


3 HCU /ECU 

20 min before 
strychnine 

3 rngm Agm 

22 hrs before 
strychnine, 

3 mgm Agm 

20 min before 
strychnine 

3 mgm /kgm 

22 hrs before 
strychnine 

3 mgm /kgm 

No of male rats used 

20 

20 

20 

21 

21 

No of female rats used 

20 

20 

20 

11 

11 

No of rats used 

40 

40 

40 

32 

32 

No of rats dead 

31 

7 

21 

16 

7 

% of rats dead 

77 

17 5 

52 5 

46 9 

21 9 

SE % 

Mean time of death 

6 7 

6 0 

7 9 

8 8 

7 8 

limn J j 

“* 1 

44 O | 

SC 6 | 

16 9 | 

S3 


Results on sodium phcnobarbital (table 1) indicate protection both at 20 
minutes and at 22 hours before strj chmne It will be noted also that the pro 
tection is greater at 22 hours than at 20 minutes The difference between tne 
two times of administration of sodium phenobarbital is 2 05 times the standard 
error of the difference In comparing these results with those of sodium pento- 
barbital it must be remembered that the dose of sodium phenobarbital was 
actuallj smaller, smaller relative to molecular weight, and markedly less in 
observable physiological effects 

The studies on picrotoxin w ere carried out ioi companson with the strychnine 
to determine if another com uhant would give similar lesults Picrotoxin was 
selected for two reasons (7) it has a different site of action than strychnine, 
(2) it is an antidote to the barbiturates as w ell as the reverse The dose of picro 
toxin 7 mgm /kgm killed 19 of 20 female i ats (table 2) When the dose of picro 
toxm was preceded by sodium pentobarbital by 20 minutes 5 of 20 were killed, 
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and when the interval was 22 hours 9 of 20 were killed. The difference between 
the two standard errors of the difference of the groups receiving sodium pento- 
barbital was only 1.3G times the standard error of the difference. The differ- 
ence between the group treated with sodium pentobarbital 22 hours before 
picrotoxin and the group receiving picrotoxin alone was 4.13 times the standard 
error of the difference. The difference between the group receiving sodium 
pentobarbital 20 minutes before picrotoxin and the group receiving picrotoxin 
alone was G.48 times the standard error of the difference. It therefore seems 
highly probable that the sodium pentobarbital provided good protection in both 
instances. The probability is between one in five and one in ten that the pro- 
tection at 20 minutes was not greater than that at 22 hours after sodium pento- 
barbital. 

For the work on sodium phenobarbital large male rats were used and it was 
necessary to have another set of controls. Of those receiving picrotoxin alone 

TABLE 2 


Effects of the administration of picrotoxin 7 mgm.fkgm. with and without barbiturates 




Na tevtod asbital, 

32 ucu./zcit. 


Na. rntnoBAVLiTAL, 

10 HClt./KGU. 


ALONE, 7 
1IGM./KG*. 

• 

20 rah- 

before pic- 
rotoxin, 7 
rngra.Agm. 

22 hrs. 
before pic- 
rotoxin, 7 

ragm.Agm. 

ALONE, 7 
UGtf./JCCU. 

20 min. 
before pic- 
rotoxin, 7 
mjpn.AKm. 

22 hf5. 
before pic- 
rotoxin, 7 

No. of male rats used 

No. of female rats used. . . . 


20 

20 

20 

20 

! 

20 

No. of rats dead 


5 

9 

11 

3 

2 

% of rats dead 


25 

45 

55 

J5 


S.E. % 


9.7 

11.1 

11.1 


0.7 

Time range of death (min.) 

1H2 


25-3G 

10-55 

10-32 

20-02 

Mean time of death (min.) 

28 


32 


25 



11 of 20 died, of those receiving sodium phenobarbital 20 minutes before picro- 
toxin 3 of 20 died, and of those receiving the barbiturate 22 hours before picro- 
toxin 2 of 20 died. The chances are exceedingly small that there is any differ- 
ence in the two groups receiving the sodium phenobarbital. The chances are 
very great, however, that good protection is provided by sodium phenobarbital 
both at 20 minutes and at 22 hours. The difference between the death rates 
with picrotoxin alone and with picrotoxin given 22 hours after sodium pheno- 
barbital was 3.4G times the standard error of the difference. The difference 
between the death rates with picrotoxin alone and with picrotoxin given 20 min- 
utes after sodium phenobarbital was 2.92 times the standard error of the 
difference. 

The length of life of those rats w hich died is recorded in tables 1 and 2. The 
survival time was greater than the survival time of the controls when either con- 
vulsant was given 20 minutes after sodium pentobarbital. The length of life 
was not appreciably altered by sodium pentobarbital given 22 hours before either 
■convulsant. Sodium phenobarbital did not seem to alter the length of life o 
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those which died. The effect on survival time does not seem then to be as per- 
‘sistent as the effect on death rate. 

The results from both strychnine and picro toxin indicate a long persistent 
action of both sodium pentobarbital and sodium phenobarbital. This protective 
action against death from convulsants is present long after all other observable 
effects have worn off. The mechanism is as yet not understood. With such 
small doses it seems unlikely that much of the unchanged barbiturate is present 
(1, 2, 3). There may be active decomposition products in addition to a small 
amount persisting sufficient to account for the effects or there may be persistence 
of a physiological change. It was thought that this might be developed into a 
method for the study of length of action of barbiturates. 

SUMMARY 

(1) Sodium pentobarbital was effective against deaths from strychnine and 
picrotoxin hours after the signs of narcosis are no longer present. 

(2) Sodium phenobarbital was more effective against deaths from strychnine 
when given 22 hours before the strychnine than when given 20 minutes before 
strychnine. 

(3) Sodium phenobarbital was equally effective against deaths from picro- 
toxin whether given 20 minutes or 22 hours before picrotoxin. 
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Since our first report (1) on the preparation of extracts derived from fresh 
kidney substance, several papers (2, 3) have appeared describing results obtained 
with renal extracts prepared by various procedures. It has not been clear in the 
reports of the different authors as to whether or not the effects observed were due 
to the same effective agent. Moreover, recent studies (4, 5) have demonstrated 
the ease with which non-specific depressor effects are capable of reducing the 
blood pressure of hypertensive animals or man. It is thus important to exclude 
these agents as the effective substances in evaluating the significance of the drop 
in blood pressure observed following the use of renal extracts. 

Since our earlier report (1) we have devoted our attention to purification and 
concentration of the renal extract to learn something of its chemical nature and 
to determine if the observed results were due to the presence of a physiologically 
significant factor normally elaborated by the kidney. The conclusions presented 
in this paper are based on observations over a period of five years, involving 
several thousands of assays and more than 50,000 determinations of blood pres- 
sure on over a thousand animals. A typical assay is reproduced in figure 1. 

Materials and methods. The crude extracts, prepared and supplied to us by the Eli 
Lilly Company, Indianapolis, were used in the present study. These consisted of dehy- 
drated renal tissue or were prepared by precipitating an ncid extract of pig’s kidneys with 
ammonium sulfate as previously described (1). Dehydrated kidney tissue is much more 
convenient than the fresh glands as a starting material for preparing extracts, for it is 
possible to extract the active principle by distilled water without the addition of acid ns 
in the case of fresh glands. The use of water reduces the amount of extraneous protein 
material dissolved in the initial extraction and results in a more concentrated and purer 
product in the preliminary stages of preparation. The aqueous extract is separated from 
the dehydrated tissue after standing with occasional shaking for at least 24 hours, filtered 
on a Buchner funnel, and precipitated by saturation with ammonium sulfate. 

We have utilized the rat, rendered hypertensive by the application of cotton cloth to the 
kidneys (6), for assay purposes. The blood pressures were determined by the plcthysmo- 
graphic procedure (7) on the unanesthetized animal. The use of the rat offers an advantage 
over the dog in studies involving chemical fractionation, for by using five animals for each 
assay the inevitable biological variation is reduced to a minimum. 

Except where indicated, the extracts were administered orally by admixture with food. 

In this way the effects induced by pyrogens, protein impurities or other non-specific con- 
taminants which are known to lower blood pressure are excluded. However, even in the 


i Aided by grants from the John and Maty R- Markle Foundation, Mr. Joe Werthan and 
Vn*j*n*>l TJf#» rtnH Arrirlent Insurance Company. 
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case of oral administration several sources of error may vitiate the results and must be 
avoided. Starvation, for example, will reduce the blood pressure of hypertensive rats, 
such effects being noted after 24 hours deprivation from food, and is very marked after 4S 
to 72 hours (4). When fed distasteful mixtures rats will reduce their food intake and 
undergo a drop in blood pressure. To detect this source of error we have routinely weighed 
our animals daily and any such assays in which an appreciable loss of w eight occurred have 
been discarded. 

The removal of excess ammonium sulfate. In laboratory preparations on a small 
scale it is possible, as described previously (1), to eliminate most of the ammonium 



spontaneous fluctuations do not occur 

sulfate present in the crude precipitate by washing on the filter. However, in 
preparations obtained by the usual industrial methods, or where it is desired to 
concentrate the activity further, it is necessary to resort to other procedures. 
Dialysis, the conventional procedure for accomplishing this, cannot be utilized as 
described later The addition of water to the ammonium sulfate-rich precipitate 
results in the solution of salts and if the amount of w r ater be limited so that the 
concentration of ammonium sulfate is not less than 50% saturation, none of the 
active principle is dissolved. The suspension thus obtained is filtered and the 
filtrate discarded. The remaining precipitate is washed on the filter with a small 
amount of water, as previously suggested (1), to remove adherent ammonium 
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sulfate. The precipitate is then extracted three or four times with distilled 
water, the insoluble material being separated each time by centrifugalization. 
Ihis aqueous extract contains the active principle. The large amount of diffi- 
cultly soluble material remaining is relatively inert and is discarded. 

Although one-half to two-thirds saturation with ammonium sulfate effectively 
precipitates the active principle from crude extracts of kidneys, even complete 
saturation with this salt fails to remove the active principle with any degree of 
efficiency from more purified solutions. One is thus unable to utilize this useful 
procedure in further purification. The active principle is apparently only car- 
ried down as an adsorption product in the initial step of the extraction because of 
the presence of large amounts of contaminating proteins which are present at this 
stage of the process, and which are precipitated by the ammonium sulfate. 

Dialyzability of the active ■principle. Dialysis offers a simple method for remov- 
ing ammonium sulfate and other diffusible substances from solutions containing 
proteins or other high-molecular compounds. Several groups of investigators 
(2, 3) have adapted this procedure to renal extracts, injecting the solution remain- 
ing after dialysis and noting a depressor effect which they have attributed to the 
renal anti-pressor substance. However, the substance effective, when adminis- 
tered orally, in reducing the blood pressure in experimental hypertension passes 
through the semipermeable membrane (collodion or cellophane). The sub- 
stance remaining in the membrane will reduce blood pressure of either normal or 
hypertensive animals but this effect is only obtained by parenteral administra- 
tion. Moreover, the effect is unlike that observed following the oral administra- 
tion of the substance we consider to be the physiological renal constituent. 
Hence, we believe the depressor action of the dialvzed material to be non-specific 
( 6 ). 

The active principle is recovered from the dialysate by precipitation with ten 
volumes of acetone or twenty volumes of absolute alcohol, or by precipitation 
with picric acid. 

Picric acid as a precipitant. Picric acid may also be used for the elimination 
of water-soluble impurities (including ammonium sulfate) from the crude extract. 
The dried ammonium sulfate precipitate is extracted several times with a satu- 
rated solution of aqueous picric acid. The remaining solid after filtration is ex- 
tracted repeatedly with normal hydrochloric acid, filtered and the filtrate 
precipitated with 10 volumes of acetone. The precipitate is collected, after 
standing in the ice-chest overnight, and washed free of picric acid. 

In the presence of protein, which is present in large amounts in crude preparations of the 
renal extract, picric acid is an efficient precipitant of the active principle. However, it is 
probable that this docs not involve the formation of a picrate of the active principle but 
merely its adsorption by the simultaneously precipitated protein. This is indicated by the 
failure of picric acid to precipitate the active principle quantitatively from more highly 
purified solutions ordialysates in which the amount of contaminating proteins are minimal. 

In this respect picric acid resembles ammonium sulfate as a precipitant, as already dc- 

^The use of picric acid as just described is too laborious and entails the loss of some 
activity when applied to crude extracts containing large amounts of ammonium sulfate. 
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We have therefore preferred to apply the procedure of fractionating by partial eolution in 
water, and precipitating with acetone prior to using picric acid for the removal of the last 
traces of contaminating ammonium sulfate. 

Organic solvents as precipitants. The active principle is readily soluble in 
water and insoluble in organic solvents (ethyl alcohol, acetone, ether). Its solu- 
bility in the latter is in the order given, being much more soluble in ethyl alcohol 
than in ethyl ether. The solubility in aqueous solutions of organic solvents 
varies, depending upon the degree to which a given extract is purified. Thus, in 
relatively crude aqueous solutions of renal tissue, the active principle is com- 
pletely precipitated by the addition of only three or four volumes of acetone or 
alcohol. However, in more purified concentrates, it required 10 volumes of 
acetone or 20 volumes of alcohol to ensure its precipitation. In this respect, the 
active principle behaves like many biologically important substances whose solu- 
bility in a given reagent appears to vary with the extent of their purification and 
freedom from contaminants. 

The variation in solubility of the active principle in water and in aqueous organic 
solvents renders it impossible to utilize fixed concentrations in fractionating the extracts. 
The greater the ammonium sulfate and protein concentration of a given extract the less 
easily does the active principle enter solution in aqueous acetone or alcohol mixtures. On 
the other hand, in the case of highly purified fractions, the active principle may remain in 
solution in a mixture of 3 volumes of acetone and 1 of water, or in an even more concentrated 
alcoholic solution. Because of this variability in behavior and the lack of uniformity of 
different preparations it haa been necessary to assay the fractions obtained by successive 
elutions of the dried extract or by successive precipitations with increasing amounts of 
organic solvent. Active fractions are then combined and the procedure repeated. 

Other precipitants. We have utilized other commonly used precipitants to remove the 
active principle from aqueous solution — phosphotungstic acid, tannic acid, lead acetate, 
mercuric chloride, etc. Because of the demonstrated non Bpecificity of such precipitants 
as ammonium sulfate, or picric acid, it is questionable if any of these form true combinations 
with the active principle It is possible that in all of these reactions the active principle 
is merely adsorbed on the simultaneously precipitated protein contaminants. Neverthe- 
less, the use of these various agents has been useful in effecting a concentration of the 
active principle and freeing it iiom impurities so that in our most active preparations as 
little as 20 to 60 mgm. of material administered orally has lowered the blood pressure of 
hypertensive rats 20 to 40 mm. Hg. 

Discussion. One of the chief deterrents to progress in this field has been the 
relatively large amounts of original kidney tissue necessary to elicit demonstrable 
effects in lowering the blood pressure of hypertensive animals. In order to deter- 
mine if greater amounts of the active principle than are extracted are actually 
present in the original kidney tissue, this was fed directly without preliminary 
extractions. In order to avoid the inevitable destructive enzymatic processes in 
the tissue, the fresh glands of cattle, dogs and rats, immediately on removal from 
the animal, were sliced and submerged in liquid air. The frozen tissue was then 
dehydrated :n vacuo over phosphorus pentoxide at —30° C. The resulting 
white powder was admixed with the food and administered to hypertensive ani- 
mals. In no case were striking drops in blood pressure observed, even when 
maximal amounts of the material which could be ingested were administered. 
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Similar results were obtained in feeding tissue obtained by dehydrating kidney 
tissue with a large excess (20 volumes) of acetone or alcohol' filtering the solution, 
v ashing the residue with more of the pure anhydrous solvent and drying in vacuo 
to remove the adherent solvent. 

The amount of the active principle present in the kidney is apparently very* 
small, these organs elaborating an amount sufficing for the needs of the tissues 
which remove it rapidly from the blood stream. In this respect the kidney re- 
sembles such endocrine organs as the adrenal cortex, ovary and testis, in which 
also hundreds of kilograms of tissue are required for the isolation of a few milli- 
grams of their active constituents. The results of studies in parabiosis of rats, 
one of which is rendered hypertensive (8), are also in accord with this concept. 

In figure 1 is reproduced a typical result obtained by feeding a concentrated 
fraction weighing 15 grams to a group of fire rats, the pre-treatment blood pres- 
sures of which averaged 180 mm. Hg. This extract was obtained from an initial 
ammonium sulfate precipitate weighing G30 grams and derived from 70 kilograms 
of fresh pig’s kidney. Tin's precipitate was extracted with water, treated with 
picric acid solution nnd fractionated with acetone as already described. The 
final product was free of ammonium sulfate and was consumed by the animals 
without appreciable loss of body weight throughout the course of the experiment. 
Although the kidney from which this extract was derived was prodigious in 
amount, the fact that so striking a drop in blood pressure was elicited from a rela- 
tively small dose of the final product, and that this was obtained by oral adminis- 
tration without appreciable loss in body weight, indicates that we are dealing 
with a physiologically important derivative and not with nny toxic (such ns fol- 
lows parenteral injection), starvation, or dehydration effect. 

From a practical standpoint the results of the present study indicate that renal 
tissue contains too small amounts of the active principle to render it a practical 
source for therapeutic purposes. As we have previously indicated (9), it requires 
the product of many hundreds of pounds of kidney to lower appreciably the blood 
pressure of patients suffering from hypertension. Our subsequent clinical trials 
(10) have confirmed this conclusion. On the other hand, the behavior of the 
active principle, its effectiveness when administered orally, its easy passage 
through collodion or cellophane membranes, its solubility relations, all point to 
its being a compound of relatively small molecular weight. The isolation and 
ultimate synthesis of the material or the preparation from more readily available 
sources of related compounds showing a similar effect on blood pressure offer the 
most promising prospects for future work, 

SUMMARY 

Procedures are outlined for fractionating and concentrating renal extracts 
which, in relatively small doses administered orally, effectively reduce the blood 
pressure of hypertensive rats. The solubility of the active principle in water 
and aqueous solutions of organic solvents and the behavior of the extracts t owar 
various precipitants (picric acid, ammonium sulfate, etc.) are described. The 
dialyr, ability of the active principle differentiates it from the agent described by 
other workers as effective following parenteral administration. 
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During the past few years there has been a renewed interest in therapy with 
standardized extracts of Convallaria majalis leaves, at first in Europe (1, 2, 3, 4), 
and then in the United States (5, 6). Our preparation 1 was made by a method 
similar to that described by Straub (7). It consisted of an aqueous extract of 
the leaves, treated with ferric hydroxide to remove tannins and gums, and then 
concentrated under reduced pressure until 1 gram of the extract was equivalent 
to 30 grams of dried leaves. In our first publication on this extract (8), we 
1 determined its potency by the 18-hour frog method and found it stable, even in 
aqueous solution at room temperature. We then tested it using the pigeon 
emesis method (9). 

It was shown by Cattell and Gold (10) that certain cardiac glucosidcs increased 
the strength of the isometric contractions of the isolated papillary muscle of the 
cat heart. We compared this convallaria extract (Convara) with the U.S.P. XI 
reference digitalis by their method. Furthermore, we assayed the extract by 
the U.S.P. XII Cat Method, comparing it with both the U.S.P. XI and the 
U.S.P. XII reference standard digitalis. 

Experimental procedures: 1. Papillary muscle. Our technique was simi- 
lar in principle to that introduced by Cattell and Gold (10), employing a some- 
what simpler mechanical arrangement. Although not as adaptable as that used 
by the above authors, our arrangement lias proved very satisfactory for com- 
parison of the strength of drugs by this method. The muscle was mounted in an 
ordinary muscle wanning chamber; oxygen was bubbled in at the bottom of the 
liquid from an inflated toy balloon. Twenty-five cc. of a modified Locke’s 
solution, as described by Cattell and Gold (10), adjusted to pH 7.2 were put into 
the chamber. The warming chamber was immersed in an automatic Sargent 
constant temperature bath, maintained at 37°C. throughout the experiment. 
When the papillary muscle was dissected from the heart, ventricular muscle 
and heart-valve tissues were left attached. The muscle was then tied by i hrend, 
the attachments being made to these tissues, the valve-end passing to the iso- 
metric lever. This lever was attached to a spring-metal band (tension ad- 
justable), upon which a small plane mirror was mounted. Contraction of the 

1 George A. Breon Fellow in Pharmacology, 1941-1912. 

i This preparation, Convara, was furnished by Dr. C. W. Sondcrn of George A. Breon 
and Company, Kansas City, Mo. 
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muscle caused a slight movement of the mirror The movements of the mirror 
were recorded by photographing the reflections of a strong beam of light on 
electrocardiograph film mounted on a drum of a kymograph, the kymograph 
v as enclosed in a box with a slit about one millimeter in width in alignment with 
the beam of light The muscle was stimulated by a condenser discharge at a 



Fio 1 Schematic View of the Main Parts of the Apparatus Used is tiie Studies 
upon Papillary Muscle 

rate of 40 times per minute Since the papillary muscle follow s the all or none 
response a stimulus of sufficient strength to produce regular responses w as em- 
ployed Stimuli a arymg in strength to produce regular responses w as employ ed 
Stimuli i arying m strength from 0 25 to 1 0 (usually 0 75) microfarads gener 
nted with a 45 v 4 B ’ batterj , were used In most of the experiments the 
stimuli were led m through a wire within a small bore glass tubing with nichrome 
tips sealed in at the end One acted as an 4 indifferent electrode” inserted in the 
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During the past fetv years there has been a renewed interest in therapy with 
standardized extracts of Convallaria majalis leaves, at first in Europe (1, 2, 3, 4), 
and then in the United States (5, 6). Our preparation 1 was made by a method 
similar to that described by Straub (7). It consisted of an aqueous extract of 
the leaves, treated with ferric hydroxide to remove tannins and gums, and then 
concentrated under reduced pressure until 1 gram of the extract was equivalent 
to 30 grams of dried leaves. In our first publication on this extract (8), we 
' determined its potency by the 18-hour frog method and found it stable, even in 
aqueous solution at room temperature. We then tested it using the pigeon 
emesis method (9). 

It was shown by Cattell and Gold (10) that certain cardiac glucosides increased 
the strength of the isometric contractions of the isolated papillary muscle of the 
} cat heart. We compared this convallaria extract (Convara) with the U.S.P. NI 
reference digitalis by their method. Furthermore, we assayed the extract by 
the U.S.P. XII Cat Method, comparing it with both the U.S.P. XI and the 
U.S.P. XII reference standard digitalis. 

Experimental procedures: 1. Papillary muscle. Our technique was simi- 
lar in principle to that introduced by Cattell and Gold (10), employing a some- 
what simpler mechanical arrangement. Although not as adaptable as that used 


by the above authors, our arrangement has proved very satisfactory for com- 
parison of the strength of drugs by this method. The muscle was mounted in an 
ordinary muscle warming chamber; oxygen was bubbled in at the bottom of the 
liquid from an inflated toy balloon. Twenty-five cc. of a modified Locke’s 
solution, as described by Cattell and Gold (10), adjusted to pH 7.2 were put into 
the chamber. The warming chamber was immersed in an automatic Sargent 
constant temperature bath, maintained at 37°C. throughout the experiment. 
When the papillary muscle was dissected from the heart, ventricular muscle 
and heart-valve tissues were left attached. The muscle was then tied by tlircad, 


the attachments being made to these tissues, the valve-end passing to the iso- 
metric lever. This lever was attached to a spring-metal band (tension ad- 
justable), upon which a small plane mirror was mounted. Contraction of the 


1 George A. Breon Fellow in Pharmacology, 1941-1942. 

’This preparation, Convara, was furnished by Dr. C. W. Sondem of George t • icon 
and Company, Kansas City, Mo. 
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TABLE 2 

Assays of convallaria extract (Comara, l:tSOO ) and of U S P. XI ( I9S6 ) reference tincture 
of digitalis ( 6 %) by the UJS.P. XII intravenous cal method 


tJS,P.JCI«t.TtNCI OTDJCITAUS ! 

COXYAtA 

Cat no. 

Death in no. of injection* 

Cat no 

Death in no. of injections 

24 

16 

21 

14 

26 

13 

25 

16 

29 

11 

27 

10 

30 

12 

23 

12 

32 

14 

31 

14 

34 

16 

33 

11 

36 

14 

35 

14 

37 

12 

3S 

17 

40 

11 

39 

16 

42 

14 

43 

16 

Averages ... 

13 3 ±0.58 
(4.4% of average) 

( 

14.0 ±0.75 

(5.4% of average) 7.8 
mgm./kgm. 


Equivalence o{ 0.1 gram of Convara: 8 6 ±0 50 U S.P. XI (1036) digitalis units. 

The digitalis group consisted of 9 males and 1 female, average weight, 2.93 kgm., the 
convara group of 8 males and 2 females, average weight, 2.75 kgm. 

The cats were kept a minimum of 10 days in our laboratory before the assays and all 
tests were carried out between May 26th and June 4th, 1942. 


TABLE 3 

Assays of convallaria extract ( Convara , t:1900 ) and of U.S.P. XII ( 1942 ) reference tincture of 
digitalis (6.6%) 6y the U.S.P. XII intravenous cat method 


D.s j. XII *rr, 

, IU*CT. or DICITAUS 


CONVAXA 

Cat no 

Death in no. of injections 

Cat no 

Death in no of Injections 

46 

13 

45 

14 

47 

17 

48 

13 

49 

14 

51 

12 

50 

18 

53 

13 

52 

15 

54 

15 

55 

14 

56 

12 

59 

14 

5S 

13 

61 

17 

60 

16 

63 

16 

62 

15 

65 

13 

64 

13 

Averages . 

15.1 ±0 57 
(3 S% of average) 


13.6 ±0.43 

(3.2% of average) 7.2 
mgm./kgm. 


Equivalence of 0 1 gram of Convara* 11 8 ±0 6 XJ.S P. XII (1942) digitalis units. 

The two groups each had 5 male and 5 female cats; the average weights were 2 60 and 2 50 
kgm., respectively. The cats were kept a minimum of 2 days in our laboratory before the 
assays and 19 of the 20 assays were completed within a week of arrival of the animals. 
All tests were carried out between June 8 and 13, 1942, or within C days. 
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were taken even- five minutes throughout the experiment until the death of 
the muscle. 

Cattell and Gold, in a later publication (11), extended their work on the 
papillary muscle. In this second paper the relation of "therapeutic” to "toxic” 
concentrations of several cardiac glucosides were studied. The “therapeutic” 
concentration was arbitrarily chosen as that concentration of the drug which 
produced an increase in response in approximately fifty per cent of the experi- 
ments. Higher, “toxic” concentrations produced a comparatively rapid increase 
in the force of contraction followed by a fall and ultimate failure of the muscle, 
often accompanied by spontaneous contractions or missed responses. Although 
some of the glucosides studied differed among themselves in potency, neverthe- 
less, the ratio between the toxic concentration and the therapeutic concentration 
seemed to be approximately the same. In view of this observation, and because 
values for the “therapeutic” concentrations are difficult to determine accurately, 
our experiments were conducted in the “toxic” range only. From a series of 
preliminary' trials, concentrations of Convara and U.S.P. XI reference standard 
tincture of digitalis were selected to give approximately the same activity. 
The final ten experiments then were conducted with each drug. In accord with 
the recommendation of Cattell and Gold (II), the criterion for measuring the 
toxic effect was the time elapsing between the addition of the drug and restora- 
tion of the muscle response to a systolic tension of one-half the maximum. Our 
data are presented in table I. 

2. Assays by the cat method. Finally, we also assayed the Convara by the 
cat method according to the procedure given in the U.S.P. XII for the assay 
of tincture of digitalis (12). Two complete assays were conducted, one using 
UJS.P. XI (1936), and the other, U.S.P. XII (1942), reference digitalis; the 
former enabled us to compare the results of the cat method with those of the 
frog, pigeon, and papillary muscle, respectively, and the latter gave an evalua- 
tion in terms of the present official standard.’ 

Briefly, the procedure consisted in anesthetizing each cat with ether, inserting 
a cannula into a femoral vein, and injecting 1 cc. of suitably diluted drug per 
kgm. of body weight once even- 5 minutes under light ether anesthesia. The 
reference tinctures of digitalis, and Convara were diluted with 0.9% solution 
of sodium chloride so that the average number of injections required to produce 
cardiac arrest in each assay group would fall between 13 and 19. The data are 
presented in tables 2 and 3. 

Discussion. The results secured by the two methods presented in this article, 
as well as those previously obtained by the 18-hour frog and pigeon emesis 
methods (S, 9), were conducted in the same laboratory by the same operators, 
using material from the same sample of convallaria extract. Therefore, the 
data on the different assay methods should be reliable for comparative purposes. 
The potencies of 0.1 gram of the convallaria extract expressed in U.S.P. XI 
digitalis units for the four methods of assay are given in table 4. 

j j n a ii cases the tincture of the U.S.P. XI Reference Digitalis Powder was made to con- 
tain 0.745 gram per 10 cc. and that of the U.S.P. XII, 1.000 gram per 10 cc. 
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Of the 4 methods, the 18 hour frog method gi\ es the highest value Then 
follow the intravenous cat method, and finally the pigeon emesis and the papillary- 
muscle methods, the latter two being about equal in value Except for the 
pigeon emesis and papillary muscle technique, the differences among the results 
of the assays are significant It has been stated (13) that, because of the more 
rapid elimination or destruction of convallana glucosides, or both, as compared 
to digitalis glucosides in warm blooded animals, the U S P XII cat method will 
give much smaller values than the frog method Our experiments do show that 
the cat method gives a lower value than the frog assay , but this difference was 
not as great as expected However, when longer infusion times are employed, 
it has been demonstrated that convallana preparations are much more rapidly 
detoxified than those of Digitalis purpurea (14, 15, 1G) Accordingly it is pos 
sible that, if slow er infusion rates were employ ed w ith the cat, or greater dilutions 
of the drugs were used, the potency of the convallana extract would be still less 
in relation to the frog v alues 


TABLE 4 


Potency of coniallana extract ( Convara ) by different assay methods 


KETHOD 

POTENCY (EQUIVALENCE DT 0 1 C1AU CONVAIA IN 

U S J XI (1934) DIGITALIS UNITS) 

Eighteen hour frog 

10 1 ±0 5 

Pigeon emesis 

6 1 ±0 37 

Intravenous cat 

8 6 ±0 59 

Papillary muscle 

6 1 ±0 8 


Furthermore, there is another factor, the relative amounts of the saponms 
present, which may influence the potencies of a plant extract as shown by differ- 
ent methods of assay, since it was shown (17) that addition of saponin (in non 
toxic concentration) to the infusion fluid acted to raise the toxicity of stroph 
anthm 28 7% Saponms are present m both digitalis and convallana It is 
not known how these substances may influence the other methods of assay 
One other fact that this study has brought out is the difference between the 
U S P XI (1936) and XII (1942) digitalis units when compared by the mtra 
venous cat method Our expenments show that the potency of the U S P XII 
digitalis unit is only 78 6 ± 4 5% of the U S P XI digitalis unit However, 
this value is only approximate because the cats were not kept the same length 
of time in our laboratories and we do not know how long they had been kept m 
the quarters of the animal dealer in Wisconsin w ho supplied them to us Con 
sidering this and the rather small number of cats m each senes, our results agree 
quite well with those of Miller, who reported a difference of 16% (18) 

SUMMARY 

1 A simplified modification of the apparatus devised by Gold and Cattell 
for testing the potenev of cardiac drugs by their action on the isolated papillary 
muscle of the cat is presented 
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2. The potency of a concentrated, purified, aqueous extract of the leaves of 
Convallaria majalis (Convara) was found equivalent to 6.1 db 0.8 U.S.P. XI 
digitalis units per 0.1 gram by its activity on the isolated papillary muscle. 

3. The potency of the same extract was found equivalent to 8.6 ± 0.6 U.S.P. 
XI (1936) digitalis units and 11.8 d= 0.6 U.S.P. XII (1942) digitalis units, re- 
spectively, per 0.1 gram by the U.S.P. cat method. 

4. The U.S.P XII digitalis unit was about 79% the strength of the U.S.P. XI 
digitalis unit when tested by the cat method. 

The authors Mash to express their appreciation to Drs. McKeen Cattail, 
Harry Gold, and Stephen Krop for valuable advice concerning these experiments. 
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The most commonly used indicator of the so-called “estrogenic” or foliiculoid 
hormones is their ability to induce cornification of the vaginal epithelium in 
spayed rodents. Since under certain conditions (vitamin A deficiency or me- 
chanical irritation of the vagina etc.) vaginal cornification may be produced 
■without inducing any other signs of estrus, it appears inadvisable to gauge the 
activity of the follicular hormones by this single manifestation. The vagina - 
comifying effect is a particularly poor index of foliiculoid activity of compounds 
which are also endow ed w ith other hormonal properties since it is know n that 
luteoids, corticoids and testoids induce vaginal mucification and inhibit the 
comifying effect of the follicuioids. Following administration of these hormones 
there is a transitory peiiod of vaginal cornification and stratification followed 
by continuous mucification. Using this transitory cornification as a test object 
in a series of 49 steroids — selected more or less at random — it has been demon- 
strated that all hormonally active compounds (follicuioids, luteoids, corticoids, 
testoids) exert some degree of foliiculoid activity irrespective of their main 
hormonal actions. Indeed it has been emphasized that the foliiculoid activity — 
just as the anesthetic activity — may be a property common to all steroid hor- 
mones (1). The ability to prevent the formation of castration cells in the 
pituitary of gonadectomized male or female rodents (2), to stimulate the growth 
of the uterus and mammary glands (1) and to induce atrophy of the Leydig cells 
in the testis (3) have likewise been shown to be properties common to the entire 
steroid hormone group. The anesthetic effect of any one compound is in no 
way proportional to the other actions mentioned above, but there appears to 
be a certain parallelism between the ability of compounds to prevent the forma- 
tion of castration cells and to cause vaginal cornification, uterine enlargement, 
mammary gland stimulation and Leydig cell atrophy. Since only the fol- 
iiculoid estratrienes elicit these actions to the exclusion of all other hoimonal 
effects and since they are so very much more active than any other hormones, 
these effects have been considered characteristic of and directly subordinate to 
the foliiculoid potency. 

In order to obtain further data in support of this hypothesis w e examined a 
number of steroids belonging to different hormonal groups and some devoid 
of all known hormonal activities. We studied their effect in spayed immature 
rats on vaginal opening and cornification, mammary gland stimulation, uterine 
weight and castration changes in the pituitary. If all these effects are really 
subordinate to each other and represent merely different manifestations of fol- 
iiculoid activity, they should run parallel with each other; that is to say, a com- 
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pound very active with respect to one of these actions should also be very active 
with respect to any of the other properties enumerated above. Furthermore, 
all compounds exhibiting any type of hormonal activity should possess some 
degree of folliculoid potency, while all hormonally inactive compounds should 
be devoid of it. 

Experimental. All our experiments were performed on immature, female, albino rats 
weighing 40-60 grams (average SO grams) at the onset of the experiment. They received 
the compound to be tested in 0.1 cc. of peanut oil subcutaneously twice daily during the 
period of 10 days, injections being started 24 hours after ovariectomy. On the 11th day 
they' were sacrificed and their organs fixed in “Susa” solution for weighing and subsequent 
histological study. All organs were weighed after fixation partly because this helps to 
preserve them in good condition for microscopical examination, and partly because weights 
of organs weighed wet at autopsy are subject to a variable loss of water during the process. 
With our technic it was possible to fix all tissues immediately after death and to keep them 
moistened by the fixative during dissection, dry'ing them only' one organ at a time for tho 
short period necessary for the actual weighing. 

The details of our data are presented in table 1 in which the steroids are described by 
their popular names (in block letters); their systematic chemical names as well as the melt- 
ing point of the sample employed by us are also mentioned to facilitate the identification of 
the compounds 1 used and to give a rough estimate of the degree of purity of our material. 
The total daily dose administered during the 10-day injection period and the average final 
body weight (with the range in brackets) are given in the next two columns. The rest of 
the table is concerned with the various hormonal effects observed. On each dose level of 
the 31 groups 6 rats were used and the data recorded in the table indicate the average 
degree of activity observed within the group. We noted the number of rats in which tho 
vagina opened during the 10-day injection period, the number of days of treatment which 
elapsed before the vagina opened and the character of the vaginal smears during the experi- 
ment as well as its histological appearance after autopsy. The vaginal smears could only 
be taken, of course, in animals in which the vaginal membrane ruptured during treatment. 
The fully cornified smear was marked + while other smears were indicated by a minus sign. 
It is essential to differentiate between compounds causing continuous cornificntion and 
those eliciting only transitory- vaginal estrus. Hence the injection period was subdivided 
into an initial stage (first 2 days after vaginal opening) and final stage (remainder of tho 

experiment) each of which was separately marked by the above symbols, that is means 

continuous diestrus, -1 — transitory estrus and ++ continuous estrus, no markings being 
given for periods during which the vagina was closed. The histological structure of the 
vaginal epithelium was recorded by the following abbreviations. A = ancstrus, St ** trace 
of stratification, S t = slight stratification, S- = moderate stratification, Si «* marked 
stratification. C was used to indicate cornification and if for mucification, the degrees of 
these transformations being indicated in the same manner as in the case of stratification. 
The changes in the mammary glands are considered under the headings of secretion, duct 
growth and acinar growth, the degree of each of these changes being indicated by an arbi- 
trary scale of 0-4 in which 0 is the condition in a spayed female and 4 the maximum possible 
change. It will be noted that mammary gland changes develop comparatively slowly under 
the influence of hormones and require fairly high concentrations, hence full development 
was not observed in this experimental series with any of the hormones. The average weight 


i In accordance with International Union Rules for the Naming of Organic Compounds, 
positions in the side chain are numbered from the point of attachment by numerals with 
indices (f.c. 17 l , 17 ! , etc.); for the sake of brevity, however, side chain substituents arc 
enumerated with nuclear substituents rather than bracketed with the substituted alky 
radical. This represents a slight deviation from the previously used (1) system. 
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of the preputial glands and uteri in each group are given with their standard errors (in 
brackets), the weights which are significantly above those of the control group (injected 
with peanut oil only) are given in larger print Since in the case of small organs minor 
differences in the method of dissection, length of fixation, water evaporation during weigh 
mg etc are very likely to induce significant variations, it was deemed advisable not to 
consider any delation as significant unless P equalled 0 01 or less, that is to say unless the 
obsened deviation from the normal could occur by chance no more than once in 100 trials 
It should be emphasized that the preputial glands arc not stimulated by folliculoid com 
pounds but represent a special manifestation of the testoid activity (4, 5) Their tveight 
is recorded here merely for comparative purposes since like the mammary glands the pre 
putial glands are modified skin glands and hence are somewhat related to the former 
It is quite obvious from the table, how ever, that their responsiveness to hormones is entirely 
different In the last column of the table the ability of the compounds to prevent the for 
mation of castration cells is registered by means of a Beale of 0-3 , 0 meaning that the castra 
tion changes were just as marked as m the pituitanes of the peanut oil injected controls, 
w hile 3 indicates that they w ere completely prevented 

It ill be noted that the control group is mentioned first, the other groups being arranged 
according to increasing mean uterine weights irrespective of the compound or dosage used 
Thus the particular dosages at which the various hormones exert a comparable degree of 
uterine stimulation occupy a neighboring position in our table The uterus enlargmg 
effect of folliculoids, like the vagina cormfying effect, can be "masked” by the other 
hormonal effects of a compound (1) This introduces complications because in certain cases 
Buch mhibitable actions are less evident at high than at low dose levels It has been found 
in several instances that in the case of hormone mixtures or of compounds having several 
hormonal actions the folliculoid effects are readily demonstrable at low dose ranges, while 
comparatively high doses are required for the inhibitory or 1 anti folliculoid” effect (1,6, 7) 
In spite of this complicating factor the utenne weight was chosen as an indicator of folli 
culoid activity because it lends itself to statistical analysis and hence represents an objec 
tive indicator 

Perusal of table 1 clearly shows that when the groups are arranged without 
any consideration of their chemical structure or the dosage given, but according 
to increasing degrees of uterus stimulating activity, the} automaticall} also 
arrange themselves according to increasing vaginal, mammary gland stimulating 
and anti castration cell potencies In other words in the compounds tested 
these three activities run roughl} parallel with each other Thus it may be 
said, for example, that 1 mgm of methyl testosterone (gioup 24) is approxi 
mately as effective as 2 mgm of ethinyl testosterone or 0 1 7 of ethiny 1-estradiol 
with regard to all folliculoid activities, while no such parallelism exists between 
the effect of these three compounds on the preputial glands The same con- 
siderations hold true concerning the effect of 1 7 of estrone (group 28) in com- 
panson with 2 mgm of androstenediol or 1 mgm of testosterone In this 
manner the folliculoid activity of various hormones can be expressed roughly in 
terms of ethinyl estradiol or estrone equivalents Obviously the parallelism 
between the various manifestations of folliculoid activity is not absolute, partly 
because the utenne activity is not always overt and partly because, especially at 
high dose levels, the accuracy of the assay method is poor Thus it will be 
noted that there is no significant difference between the action of estradiol 
(group 2G) at the dose ranges of 0 5 to 10 7 while 0 1 7 (group 15) is very much 
less effective With regard to the self inhibition of the uterus enlarging action 
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of some compounds at high dose levels, it should be pointed out that andros- 
tenediol-3((3),17 (jS) at a 2 mgm. dose level (group 16) is more effective tlian at a 
10 mgm. dose level (group 10) and progesterone is more active at the 1 or 2 mgm. 
dose level (group 20) than at the 10 mgm. dose level (group 18). Conversely 
certain folliculoid activities (c.g. the mammary gland stimulating effect) may be 
augmented by other hormonal actions of the molecule. 

In order to avoid these complications and to give an overall estimate of the 
folliculoid activity of various compounds, a summary table (table 2) was con- 
structed in which the mean rating for each of the four folliculoid effects (vaginal, 
uterine, mammary and pituitary) was calculated in the following manner. For 
an estimate of total vaginal stimulating activity an arbitrary scale of 0-4 was 
employed; 0 meaning that no effect was observed; 1, that the vagina of some of 
the animals opened but on histological examination the epithelium was atrophic; 
2, that the vagina of some animals opened and the epithelium was somewhat 
stratified ; S, that the vagina of all animals opened but that its epithelium did 
not remain continuously cornified; 4> that the vagina of all animals opened and 
the epithelium remained cornified continuously. For comparing uterine activi- 
ties the mean weights were used. To obtain an overall estimate of mammary 
stimulating activity another arbitrary scale of 0~4 was employed; 0 indicating 
that the compound showed no activity at a given dose level; 1, slight acinar 
and/or duct stimulation; 2, more marked acinar and duct stimulation but no 
secretion ; S, moderate growth with secretion; 4> marked growth with considerable 
secretion. The ability of the compounds to prevent the formation of castration 
cells was registered by means of the same scale as was employed in table 1. 

The compounds were arranged according to decreasing “overall folliculoid 
activity” their position in the series being determined on the basis of comparisons 
between the minimum effective threshold levels obtained by the above-mentioned 
purely mathematical computation of the four activities at the lowest active dose 
range. The steroids were then placed in decreasing order of each type of ac- 
tivity. Five columns were thus constructed enumerating the compounds 
according to decreasing anticastration cell, uterus stimulating, vaginal, mam- 
mary gland stimulating and “overall” folliculoid activity. Whenever two or 
more compounds happened to exhibit the same degree of activity they were given 
the same serial number. The numerals corresponding to the positions in the 
series which thus became free were not used. In the sixth column the preputial 
gland stimulating activities were similarly indicated. 

Inspection of the table shows clearly that a surprisingly close correlation 
exists between the four individual subordinate folliculoid activities and the 
overall estimate. Three of the non-hormonal steroids are not discussed in table 1 
since they were assayed on rats slightly different in body weight from the remain- 
ing animals of the series, but they are included in table 2 since they all had their 
own controls. In agreement with expectations all hormonally inactive steroids 
were devoid of folliculoid effects, while all hormonally active compounds ex- 
hibited these in varying degrees irrespective of the nature of their hormonal 
actions. It will be recalled, however, that in agreement with the natural class!- 



folhculoid hormones 


195 


fication of the steroids which was recently proposed (8) folhculoid activity 
decreases among the compounds possessing predominantly folhculoid {eg 
estradiol), testoid {e g testosterone), luteoid (e g progesterone), corticoid (e g 
desoxycorticosterone acetate) and anesthetic {e g pregnanedione) properties m 
this order 

Acetoxy pregnenolone and desoxycorticosterone acetate assayed somewhat 
lower m folhculoid potency than m some of our earlier experiments (2) which 


TABLE 2 

Relative hormonal activities of different steroids 



STt*om 

CAST* A 
TION 
CELL 
ACTIVITY 

UTMUS 

rmcu 

LATINO 

ACTIVITY 

VAOIHU. 

ACTIVITY 

UAUUA1Y 

CL 

STHtO- 

LATXHO 

ACTIVITY 

OVZKAXL 

1ST! 

VAXtCY 

JOtUCTJ 

tom 

ACTIVITY 

PIT 

PUTUL 

OLAKU 

srnrc 

LATINO 

ACTIVITY 

i 

Ethinyl estradiol 

1 

1 

1 

2 

19 


2 

Estrone 

2 

2 

1 

3 

2 


3 

a Estradiol 

3 

2 

3 

1 

3 


4 

Testosterone propionate 

4 

4 

6 

4 

4 

1 

5 

Testosterone 

6 

5 

6 

5 

4 

2 

6 

Androstene-S{/9),/7(a) diol 

5 

5 

4 

9 

6 

4 

7 

Methyl testosterone 

6 

7 

6 

7 

7 

2 

8 

Ethinyl testosterone 

6 

8 

4 

9 

8 

9 

9 

Dehydro iso androsterone 

6 

12 

6 

9 

9 

4 

10 

Androsterone 

10 

9 

10 

6 

10 

7 

11 

Progesterone 

11 

10 

13 

8 

11 

9 

12 

Androstenedione 

12 

10 

11 

9 

11 

6 

13 

AndrOBtene-J(0),/7{0) diol 

14 

13 

15 

9 

13 

8 

14 

Cis testosterone 

12 

16 

11 

15 

14 

9 

15 

Desoxycorticosterone acetate 

15 

13 

17 

9 

14 


16 

A* Pregnenolone 

16 

15 

14 

15 

15 


17 

Acetoxypregnenolone 



16 




18 

Pregnanediol 



16 




19 

Androstane 







20 

Pregnanedione 







21 

A 1 * Pregnenedione 







22 

A 1 11 Pregnadienolone 







23 

Etiocholanolone acetate 







24 

Cholesterol 







25 

A 4 A or cholestene 3 25 dione 








may be due to differences in the punty of the batches or in the experimental 
technic employed in the tw o investigations, but since both m earlier and in the 
present senes the compounds proved to be the least folhculoid of all hormonally 
active steroids these minor differences are not of fundamental importance It 
may also be stated that although at the do^e let els indicated in table I desoxy 
corticosterone acetate exhibited no anti castration cell effect, an additional 
expenment on two spat ed females in which 40 mgm of the compound were given 
over a period of 10 days definitely confirmed that if sufficient quantities are 
given the compound possesses this actn ity 
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SUMMARY 

Experiments an immature, spayed, albino rats indicate that in a group of 25 
steroids the ability to produce vaginal estrus, stimulation of the mammary 
gland, enlargement of the uterus and to prevent the appearance of castration 
cells in the pituitary runs roughly parallel. In other words compounds inactive 
in one of these respects are also inactive with regard to the other actions men- 
tioned and if the compounds are arranged according to increasing order of ac- 
tivity for one of these actions they automatically are also arranged approxi- 
mately in increasing order of activity for the other actions. This supports the 
theory according to which the above effects are merely different manifestations 
of the same type of action. 

Generally speaking all these effects are by far most pronounced in the pre- 
dominantly folliculoid or "estrogenic” type of hormones and less pronounced in 
the predominantly testoid, luteoid, corticoid and anesthetic steroids, the activity 
diminishing in the order mentioned. This is in agreement with their expected 
activities as predicted by their position in the systematic table of the ster- 
oids (8). 

All hormonally active compounds, but none of the hormonally inactive steroids 
tested, were found to possess some degree of folliculoid potency. This supports 
the view that the folliculoid activity is a common fundamental property of all 
hormonal steroids. 

j Acknowledgments: The expenses of this investigation were defrayed through a 
grant of the DesBergers-Bismo! Laboratories of Montreal. The authors are 
also indebted to Professor R. D. H. Heard of McGill University for the andros- 
tane, Dr. Oliver Kamm of the Parke Davis Company for the A 16 -pregnenedionc, 
A 5, 16 -pregnadienolone acetate and etiocholanolone acetate. Dr. G. W. Holden 
of Charles E. Frosst and Company for the efs-testosterone and the 3(5), 17(5)- 
androstenediol, the Ciba Company of Summit, New Jersey, for the androsterone, 
Mr. M. Hoffman of the Royal Victoria Hospital for the estrone and Dr. Erwin 
Schwenk of the Schering Corporation of Bloomfield, New Jersey, for all other 
steroids employed in this investigation. 
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Augmentation of the action of anterior pituitary gonadotropic extracts has 
been obtained with scrum (1), copper and zinc salts (2), zinc salts (3), formed 
element fraction of blood (4), and hemin (5) The criterion for augmentation 
has been the greater weight of the ovanes of immature rats wluch have been 
injected with the augmenter plus the pituitary gonadotropic extract as compared 
with those of rats injected with only the gonadotropic extract 

Reported studies of augmentation have been concerned with the determination 
of substances having augmenting powers and not with such factors as might 
influence augmentation quantitatively It is the purpose of this paper to report 
data concerned with the relationship of quantity of augmenter and quantity of 
pituitary gonadotropic extract to augmentation of ot anan w eight and decrease 
of percentage ovarian solids in immature female rats 

Materials and methods Two unfractionated gonadotropic extracts of whole sheep 
pituitary glands were used in this study One was made by the method described by 
Fevold, et af , (6) which involves the use of 50% aqueous pyridine The 33% acetone soluble 
fraction of the aqueous pyridine extract was used The other was prepared by extraction 
of acetone desiccated whole gland with water at pH 7 6 Supercentrifugation of this 
extract resulted in the removal of considerable inert material 

The augmenters used were cow blood and hemin prepared from cow erj throcytes accord 
ing to the method of Drabhin and Austin (7) The blood pituitary mixtures were prepared 
Ser eaieeties by the addition of the bleed to the pitmta/j' ez tracts The desages ei 
pituitary extracts were based on the milligram equivalents of whole dry pituitarj gland 
powder 

Since hemin is not soluble in a neutral aqueous medium it was necessary to add 0 5% 
sodium carbonate to insure its solubilitj The same quantity of alkali (NatCOO w as used 
m the preparation of the pituitary dosages which were not mixed w ith hemin 

Five different dosages of the 33% acetone soluble anterior pituitary extract (25 50 100, 
200 400 mgm equiv ) were each combined with six different dosages of cow blood (00 02 
04 08 16 3 2 cc ) Thus, a total of thirty different mixtures of blood and pituitary 
extract were used Each of these mixtures was administered subcutaneously to three 21 
day old rats 0 5cc being injected twice daily for four and one half dajs and the rats killed 
1G to IS hours after the last injection 

For the purpose of analyzing the data, the rats which received the different dosages of 
anterior pituitary extract without blood (0 0 cc ) were considered as control animals A 
\alue for the augmentation of the o\ anan weight of the expenmental animals was obtained 
bj subtracting the average ovanan weight (to the nearest milligram) of the three control 
animals on that pituitary dosage from the weight of the ovaries of each experimental rat 
When the weight of the expenmental rat s ovanes wa3 equal to or less than the control 
average an arbitrary value for augmentation of one milligram was assigned This was the 
case with only three expenmental rats 


1 Supported in part bj a grant made from the Wisconsin \lumm Reseat ch Foundation 
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Inasmuch as McShan and Meyer (5) showed thnt the augmentive action of a sample ot 
blood seemed to be rather completely attributable to its hemin content, another experiment 
"a as run in which the plan was similar to that of the first one with the exception that 0, 1, 
2, 4, and 8 mgm. dosages of hemin were used instead of the various dosages of blood. The 
water extract of the pituitary gland was used in this experiment instead of the 33% acetone- 
soluble fraction of the 50% aqueous pyridine extract. 

Two trials were run in this experiment and two rats were run in each trial on each hemin- 
pituitary extract mixture. In addition to the ovarian weights and the augmentation which 
was calculated as in the first experiment, a determination was also made of the percentage 
solids for each pair of rat’s ovaries so that its relationship to augmentation could be 
determined. 

Results. The average weight of the ovaries for the control rats on the 25 
mgm. equivalent pituitary dosage (table 1) was not distinguishable from that of 
rats of the same age in the colony which had not received pituitary extract- 
When sufficient blood was added to this pituitary dosage, the ovarian weight was 

TABLE 1 


Effects of pituitary and blood dosages upon average ovarian weight 


! 

PIT. DOSAGE ; 
ircar.-ZQoiv. 

| BLOOD (CC.) 

0 0* 

I « 

| 0.4 

| 0.8 

1 w 

| 




milligrams, otarian weighi\ 



25 

12.7 

13.0 

19.3 

16.3 

23.3 

57.3 

50 

16.3 

20.3 

49.0 

51.3 

78.3 

74.3 

100 

33.3 

52.7 

58.7 

85.0 

169.3 

157.3 

200 

44.3 

106.7 

110.3 

116.3 

216.7 

205.3 

400 

79.3 

122.3 

96.0 

170.7 

209.0 

166.7 


* Controls. 

t All averages are based upon groups of 3 rats. 


increased to 57.3 mgm. (on 3.2 cc. blood). Thus the addition of augmenter to 
the pituitary extract changed the reaction from below the threshold of detec- 
tion to one that was definitely observable. 

The other control dosages of pituitary extract produced ovarian responses 
ranging from barely detectable (16.3 mgm.) to moderately strong (79.3 mgm.). 
The different experimental groups exceeded their respective control groups in 
ovarian weight in all cases but the amounts by which they exceeded were 
variable. 

An analysis of this variation 2 in augmentation for all the experimental animals 
showed that both blood and pituitary dosages produced statistically significant 
and quantitatively important differences (table 2). A lesser amount of varia- 
tion, but significant at a probability of 0.05 was due to the interaction of blood 
and pituitary dosages. This means that the respective differences between 

2 According to the analysis of variance procedure of E. A. Fisher ns presented bj £>. D. 
Paterson (1939), Statistical Technique in Agricultural Research. 263 pp. McUra«-i 

Book Company, New York. 
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pituitary dosages \aned between blood dosages and the comerse of this, of 
course, also being true 

On the hemin experiment, all of the control groups of rats recen ing pituitary 
extract alone ga\e definite responses, also, the ovarian weights for all e\pen 
mental groups exceeded those of the respectu e control groups The rats on the 
t\\ o different tnals with hemin are a\ eraged together in table 3, but this is not 
an entireh satisfactory way of expressing the data because a comparison of the 

TABLE 2 


Analysts of variance in augmentation * of pituitary extracts by blood 


CAUSE or VARIATION 

DECREES or FREEDOM 

MEAN SQUARE 

r 

Blood dosages 

4 

19571 

21 7| 

Pit dosages 

4 

19106 

21 2f 

Blood X pit 

16 

1725 

1 9t 

Error 

50 

902 


Total 

74 

3073 



* Weight of each experimental rat's ovanea minus the average ovarian weight for 3 
control rats 

t Significant at 1 per cent level of probability 
j Significant at 5 per cent level of probability 

TABLE 3 

Effects of pituitary and hemin dosages upon average ovarian icetght and average per cent of 
ovarian solids 


FIT DOSAGE 

| UCU BENIN 


i 0 * 

1 • 

1 « 

1 * 

1 > 



wjm evanon wt — ftr ctnl oiarian tol 


25 

| 17 5—20 6 I 

1 50 5—18 2t ] 

66 3—18 0 | 

[ 92 8—17 6 | 

102 7—14 9* 

50 

39 3—18 6 

, 96 0—16 5 

100 8—16 9 

213 3—16 4 | 

256 3—14 3 

10G 

85 0—18 4 1 

93 5—18 7 1 

| 112 3—18 0 1 

201 8-17 4 1 

250 0—15 0 

200 

114 3—18 2 

139 3—17 8 

151 0—18 5 

177 5—17 8 

194 0-10 8 

400 

122 8—17 8 

143 0-17 7 

176 8-16 9 

162 0-17 5 

191 3—16 6 


* Controls 
t 2 rats only 
} 3 rats only 

AH other averages are based on groups of 4 rats 


mean square between tnals (table 4) with a summation of all interactions with 
tnals, show s the percentages of o\ anan solids for the two tnals to be significantly 
different A similar companson, however, fails to show a significant difference 
between tnals in augmentation 

Hemin dosage and pituitary dosage each produced significant \ anations m the 
two ovarian characters over the two tnals Tnal did not affect the respective 
differences between the different hemin dosages for either ovanan character 
(augmentation and percentage o\ anan solid), but it did interact with pituitary 
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dosage to affect the respective differences in both of the characters. For these 
reasons, one might expect the variation in both augmentation and percentage 
ovarian solids due to differences in hemin dosage to be more predictable in future 
trials than he would the differences in these characters due to pituitary dosages. 

Just as in the blood experiment, the increases in augmentation due to ascend- 
ing dosages of augmenter depended upon the dosages of pituitary extract and 
the converse was also true. The same thing was found to be true for percentage 
ovarian solids (table 4, hemin x pit.). 

The fact that the percentage ovarian solids for the ovaries from rats receiving 
both hemin and pituitary extract appeared in most instances to be lower than 
for those rats receiving pituitary extract alone led us to calculate the correlation 

TABLE 4 


Analysis of variance in augmentation * and in per cent of ovarian solids — rats receiving both 

pituitary extract and hemin 


CAUSE or VARIATION ! 

u/r 

AUCUEKTAKOJf 

PER CEXT Or OVAIUtf SOUDS 

Mean square 

1 F 

Mean square 


Trial 

i 

9665 

— 

22.74 

ss 

Hemin dosage 

3 

36098 


20.20 

MMM 

Pit. dosage 

4 

16017 

mnrm 

6.34 

1 4.3} 

Interactions with trials.. 

19 

2708 

mm 

1.47 


Hemin X trial 

3 

1218 

1.0 

0.74 

. 

1.0 

Pit. X trial 

4 

7043 

5.6t 

2.65 

3.7} 

Hemin X pit 

12 

4121 

3.2f 

1.44 

2.0} 

Hemin X pit. X trial. . . 

12 

1636 

1.3 

1.26 

1.8 

Error 

37 

1268 


0.71 


Total 

76 

4340 

! 

2.37 



* Weight of each experimental rat's ovaries minus the average ovarian weight for 2 
control rats. 

t Significant at 1% level of probability. 

t Significant at 5% level of probability. 

between ovarian weight and percentage ovarian solids. This was found to be 
negative and highly significant (r = - 0.70). This negative correlation describes 
what is apparent in table 3, that as the differences between the control and ex- 
perimental ovarian weights increased, the percentage solids appeared to decrease. 

If a high percentage of ovarian solids indicates a high degree of luteinization, 
then the important comparison would be that of the ovarian solids in ovaries of 
the same weight but resulting from augmentation in one case and pituitary 
stimulation alone in the other. Visual examination gave us the impression that 
the augmented ovaries were more follicular in character (fewer corpora lutca) 
than those ovaries from pituitary treatment alone. If one considers only those 
rats from groups whose averages were within similar weight ranges but from 
pituitary treatment alone in one case and pituitary plus hemin in the other, he 
finds three control groups of twelve rats whose averages range from 39.3 to 1 14.3 
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mgm. Similarly, he finds 29 rats from groups receiving hemin in addition to 
pituitary extract and whose eight group-averages range from 50 5 to 1123 
mgm. A comparison of the percentages of solids in these two groups of similar 
ovarian-weight range shows 18 4 in the control group and 17.4 in the experimental 
group. The averages for the ovarian weights in these restricted ranges are not 
entirely comparable (79.5 and 91.5 mgm.) but the percentage solids in the aug- 
mented group is less also than that of the rats with heaviest ovaries on pituitary 
extract alone, which was 17.8% on 122.8 mgm. ovaries. 

In neither the blood nor the hemin experiment was the greatest augmentation 
obtained on either the largest or smallest dosages of anterior pituitary extract 
in terms of milligram-equivalent (table 1 and table 3). The optimum pituitary 
dosages for obtaining the maximum augmentation were 100 and 200 milligram- 
equivalent in the blood experiment, and 50 milligram-equivalent in the hemin 
experiment. This suggests that there is no relationship between dosage in 
milligram-equivalent for different extracts and maximum augmentation. The 
control ovarian weights in the first case were 33.3 and 44 3. In the second case, 
it was 39.3. Within the limits of these experiments, therefore, it would appear 
that dosages of pituitary extract yielding average ovarian weights from approxi- 
mately 33 to 44 mgm. are optimum for obtaining the maximum augmentation. 

No such evidence was obtained for an optimum dosage of augmenter within 
the dosage ranges studied. In the blood experiment there was an increase in 
augmentation up to 1.6 cc , but no increase between the dosages of 1.6 and 3.2 
cc. The very lowest dosage of pituitary extract may have been an exception 
to this. With the hemin there was no definite indication that the limit of aug- 
mentation had been reached between 4 and 8 mgm. dosages. 

Unpublished data of this laboratory show that pituitary extracts of the types 
used give little or no increases above 120 mgm. in ovarian weight by further in- 
increases in dosage. These data tend to confirm the observations of Deanesly 
(8) that there was a tendency for ovarian weights to “plateau” at a similar level 
on pituitary extracts. It is obvious that the pituitary augmenter mixture is 
capable of producing at least twice this maximum ovarian weight. These large 
ovaries were composed of corpora lutea and large cystic follicles, and in passing 
they might be confused from their appearance with the ovaries produced in rats 
when large quantities of pregnant mare serum are injected. 

SUMMARY 

The addition of different amounts of “augmenter” (blood or hemin) to 
pituitary gonadotropic extracts produced variations in the augmentation of 
ovarian weight. Likewise augmentation by any given amount of augmenter 
depended upon the dosage of pituitary extract with which it was combined. 
These determinations were made upon 187 rats, 21 days of age. 

The optimum dosages of pituitary extract for maximum augmentation by 
blood or hemin were those that acting alone produced ovaries weighing 33 to 
43 rag. on the average 

The relationship of augmentation to percentage ovarian solids was studied in 
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the “hemin” experiment. The correlation was negative (r = — 0.70;P < 0.01). 
The lower percentage of solids in the augmented ovaries appeared to be as- 
sociated with the presence of fewer corpora lutea and more cystic follicles than 
in control ovaries of similar weight. 

Addition of augmenter to a small dosage of pituitary extract made it possible 
to develop larger ovaries within a five-day interval than with any dosage of 
pituitary extract alone. 
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In tlie preceding paper of this series (1) it was shown that p-aminobenzoic 
acid, administered as a solution of the sodium salt and hereafter referred to as 
p-aminobenzoate, given pnrenterally or per os, enables rats to survive massive 
doses (ca. LD 10 o) of carbarsone (p-carbamino phenyl arsonic acid) and other 
phenyl arsonic acid derivatives. In the absence of any rationale on the mechan- 
ism of detoxication, at the outset of these studies high doses of p-aminobenzoate 
were deemed necessary to achieve the greatest degree of protection. This 
assumption was based on two established facts: 

(I) in the body p-aminobenzoate undergoes rapid conjugation (by acetyla- 
tion (2), union with glycine or other detoxicating agents, (3) etc.) and prompt 
elimination from the system (4), while 

(8) the excretion of pentavalent arsenicals, such as carbarsone and ‘Trypar- 
samide’, is a protracted process extending over several days (5, 6, 7). 

Aiming, therefore, to produce continuous high blood levels of p-aminoben- 
zoate, we gave as much as 3 grams per kg. body weight daily by the oral route 
for 3 to 5 days to the rats. 

Although p-aminobenzoate, $ n&rmsl physbl&gma) eopstiiutest of the body, 
has been recognized as a component of the vitamin B complex and is relatively 
non-toxic on oral administration, when given parenterally (i.-v. or i.-p.) there 
is a definite limit of tolerance (8). Judging by numerical results, occasionally 
it appeared that rats on the highest p-aminobenzoate dosage did not fare as well 
as others on a lower dosage Sometimes the injection of p-aminobenzoate by 
the intrapentoneal route caused much discomfort or even sharp pain. 1 

Once the practical possibility of protecting essentially all lats against massive 
doses of carbarsone, ‘Tryparsamide’, ‘Atoxyl’ etc. had been established, it be- 
came desirable to investigate the quantitative relationship between the toxic 
arsonate and the protective p-aminobenzoate necessaiy to obtain optimum 
results The results of experiments performed with this object in mind are here 
presented 

1 This was found to be due to an increase in pH that occurs when solutions of sodium 
p aminobcnzoate arc allowed to remain e\ posed to the air for several days All discomfort 
could be avoided by the use of freshly prepared neutral solutions. 
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Experimental procedure. As in previous reported studies, simply to facilitate rapid 
calculation of dosage, rats wcigtiing approximately 100 grams were used when available. 
They were maintained in communal cages in which balanced commercial diet was provided 
ad lib. and observed for not less than eleven days before any experiment was terminated. 

Again, only for the sake of convenience, p-aminobenzoate in the form of a freshly pro- 
pared 10 or 20% aqueous solution was administered either orally or intraperitoncally, while 
a solution of the sodium salt of the arsenate was injected some minutes later, 5 usually also 
into the abdominal cavity. 


TABLE 1 


Degree of protection conferred by single and multiple doses of p-aminobenzoate against 
carbarsonc and arsant'lic acid 


DBUG 

DOSE 

(I.-P.) 

j6*Ai£D40llEJ4Z0ATE 

KCVDER 
or BATS 
TREATED 

rrscrsTAGE scsvrvAL 

Bose 

Mode of _ 
administration 

Hus famine 
bentoate 

Controls 


f nirt./ig. 

mgm./kg. 





Carbarsone 

2500 

2000 X 2 

oral 

5 

20 



2000 

2000 X 2 

oral 

5 

40 



1500 

3000 X 3 

oral 

18 

94 




750 X 3 

i,-p. 

10 

100 




controls 


36 

i 

0 


1000 

750 X 2 

oral 

10 

90 




controls 


54 


9.3 

Arsanilic 

600 

1500 X 2 

i.-p. 

20 

35 


acid or 







‘Atoxyl’ 

500 

1500 X 1 

i.-p. 

10 

90 



400 

2000 X 3 

oral 

17 

100 




1500 X 2 

i.-p. 

10 

10 0 




1000 X 2 

i.-p. 

10 

00 




1000 X 1 

i.-p. 

10 

100 




800 X 2 

i.-p. 

10 

90 




controls 


64 


12.5 


The data incorporated in table 1 are the results of experiments designed to 
provide information on the maximum dose of two typical phenyl arsonates 
against which appreciable protection is obtained by the administration of p- 
aminobenzoate. 

Without protection, approximately 10% of rats recover after the parenteral 
injection (i.-p. or i.-v.) of 1000 mgm./kg. of carbarsone or 400 mgm./kg. of 
arsanilic acid. Tliis dose, then, is taken to be approximately the LD«. The 
minimum “universal” lethal dose (LDioo) of carbarsone is somewhat higher, 
probably not more than 1200 mgm./kg. At any rate, in our experience not a 

s The chronological relation is not an unimportant detail, as will be shown in the next 
paper of this series. 
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single rat has survived a dose of 1500 mgm./kg. At this dosage, all animals 
were protected by the prior administration of p-aminobenzoate at the rate of 
750 ragm-/kg. followed by the same quantity on the two subsequent days. 
Whether a smaller quantity of p-aminobenzoate would have been equally bene- 
ficial was not determined. The administiation of two daily injections of 2000 
mgm /kg. of p-aminobenzoate permitted the survival, respectively, of 2 out 
of 5 rats and of 1 out of 5 rats receiving carbarsone at the rate of 2000 mgm. 
and 2500 mgm./kg. 

On slightly smaller doses of p-aminobenzoate, namely 1500 mgm./kg , 9 
out of 10 rats survived 500 mgm./kg. of arsanilic acid; 7 out of 20 rats survived 
at the dose level of 000 mgm./kg 

An examination of table 1 will show to what an extent we have on many 
previous occasions exceeded the minimal quantity of p-arainobcnzoate necessary 
to protect all the rats in an experiment. In some instances the repeated injec- 
tions of large amounts of p-aminobenzoate might be interpreted as having had 
a deleterious influence, but to prove such a contention substantial proof w ould 
be required, and the number of rats involved in our experiment is too small to 
allow' for adequate analysis. However, other studies (details of which are 
reserved for another paper) have clearly demonstrated tliat unless p-amino- 
benzoate is administered wdthin an hour after the injection of the arsenical 
there is a decided fall in the degree of protection afforded. After the lapse of a 
few hours, secondary injections of p-aminobenzoate appear to have no detoxicat- 
ing value; the question of the unfavorable effect of multiple injections of high 
doses of p-aminobenzoate remains open. 

In order to determine the lower extreme of the protective range of p-amino- 
benzoate, experiments were set up in which single diminishing doses of p amino- 
benzoate were administered to several groups of rats that then received injections 
of carbarsone and arsanilic acid at a rate approximating the LD 30 , respectively, 
of these two compounds. The results are presented in table 2. 

It is seen from the results of experiments summarized in table 2 that p- 
aminobenzoate at the rate of 500 mgm./kg is sufficient to confer protection on 
nearly all rats that receive a carbarsone injection of 1000 mgm /kg As the 
“coverage” by p-aminobenzoatc is reduced below this level, there is a more or 
less regular decrease in the number of rats that escape death. This regularity 
in the quantitative relationship is more forcefully revealed when the results aie 
presented in terms of the “average survival time” as computed on a per diem 
basis for the ten day observation period. That even those individual jats that 
fail to survrve have received a partial benefit from a dose of p-aminobenzoate 
insufficient to save then lives is seen w r hen the “average moitality time” is 
calculated for the various dosage groups. 

Against 400 mgm /kg of arsanilic acid, \utually total piotcction is afforded 
by only 250 mgm /kg of p-aminobenzoate. Below this coverage level, one 
again finds partial protection for the group as well as the individual rat but, 
probably because of the large time unit (1 day) and the smallness of the gi oups, 
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the direct relationship between the survival time of the rats that died and sizo 
of p-aminobenzoate dose is not so clearly demonstrated. 

the fact that as small a quantity as 15 mgm./kg. of p-aminobenzoate pro- 
vided for the survival of 5 out of 10 rats is an indication of the remarkable pro- 
tective value of this substance. Perhaps it also reflects the intrinsic variability 
of individual rats in their susceptibility to arsenical poisoning and their need 
for larger amounts of the detoxicating agent. 


TABLE 2 

Degree of protection afforded by diminishing single doses of p-aminobenzoate against an LD»s 
of carbarsone and arsanilic acid 


DRUG AND DOSE 

AUfJfOO ENZOATE 
DOSE (l.-P.) 

NUV3ER 

TREATED 

TER CENT 
SURVIVED 

AVERAGE SURV1’ 

OI &U rats 
ia group 

VKl. TIME* (OAYS) 

Of rats 
that died 


mtn.fkz. 





Carbarsone, 1000 

750 

30 

86 

9.8+ 

5.7 

mgm. per kg. 

500 

30 

96 

9.9+ 

4.0 

i.-p. 

250 

19 

6S 

7.9+ 

3.5 


150 

20 

25 

4.5+ 

2.7 


100 

10 

20 

3.4+ 

1.75 


75 

10 

20 

4.1+ 

2.G 


50 

10 

0 

1.5 

1.5 


controls 

54 

9 


1.3 

Arsanilic acid, 100 

1000 

10 

100 

10+ 


rngm. per kg. 

G0O-S0Q 

30 

86 

9.2+ 

4.0 

i.-p. 

500 

10 

100 

10+ 



300-400 

21 

95 

9.9+ 

9.0 


250 

20 

05 

9.8+ 

G.O 


200 

20 

70 

7.0+ 

3.0 


100-150 

20 

45 

6.6+ 

3.8 


50 

10 

30 

4,0+ 

2.3 


25 

10 

50 

6.G+ 

3.2 


15 

10 

50 

5.7+ 

1.6 


controls 

64 

12.5 


1.4 


* These figures represent the average time of survival in days of all rats receiving the 
specified dosage. Usually where the number of rats involved is more than 10, the figure 
was derived by averaging the results of two or more experiments. “+” signs signify 
survival of at least one rat in the group beyond the ten day observation period. 

Discussion. In speculating on the possible mechanism whereby such 
phenyl arsonates as carbarsone and arsanilic acid arc detoxicated in the body, 
because of the similarity of constitution between these compounds we encounter 
a natural tendency to seek an explanation in terms of the stimulating theory 
proposed by Woods (9) and others of the English school to account for the 
specific bacteriostatic efTect of the sulfonamide drugs and the phenomenon of 
strain resistance to these compounds. It will be recalled that, from in vitro 
'studies on the growth of streptococci in artificial media, Woods was able to 
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demonstrate that p-aminobenzoate (or a substance conforming in chemical 
characteristics to p-aminobenzoate) was an essential requirement for growth and 
that it was antagonized by sulfanilamide in competition for an enzyme, thus 
inhibiting growth of the test organism. This “blocking” has with great plau- 
sibleness been demonstrated by Fildes (10) and Mcllwain (11) to be a conse- 
quence of the similarity of chemical configuration In this connection one 
should also refer to the suggestion by Fildes (12) that p-aminobenzoate might 
neutralize or inhibit the toxic side effects of the sulfonamide drugs, a prospect 
for which Strauss and Finland (13) could find no clinical confirmation. Some 
of the most impressive evidence of the r61e played by p-aminobenzoate in 
inhibiting the action of sulfanilamide was derived from the quantitative (molal) 
relationship of the two substances in their competitive action. 

If, by analogy, one were to consider that the protective action of p-amino- 
benzoate is due to its specific ability to “protect” one or more enzymatic actions 
involved in cell metabolism, enzymes for which the phenyl arsonates have a 
destructive predilection, the demonstration of a quantitative relationship be- 
tween these two compounds would constitute strong evidence in favor of the 
postulate. However, from the data thus far accumulated, it is difficult to deter- 
mine what quantitative relationship exists between the minimal amount of p- 
aminobenzoate required to neutralize (using the word in a general rather than 
specifically chemical sense) the action of any specified quantity of pentavalent 
arsenical. This difficulty is in large part due to the fact that our studies have 
been concerned with an in vivo system in which the effective tissue concentra- 
tions of p-aminobenzoate and arsenical have not been determined. It is possible 
that the chances of demonstrating the quantitative relationships by in mtro 
experiments such as the measurement of respiration of tissues in the Warburg 
apparatus would yield interesting data. On the other hand, the relatively low 
toxicity of the pentavalent arsenicals, the slowness of their toxic action, and the 
chemical complexity of the medium in which animal tissues are grown may 
preclude the sort of xn vitro experiments that have been sb fruitful in revealing 
the relationship between growth promotors and growth inhibitors in the bac- 
terial kingdom. 


SUMMARY 

1. By the administration of sufficient p-aminobenzoate, essentially all rats 
may be protected against a “Universal Lethal Dose” (LDi 00 ) of such phenyl 
arsonates as carbarsone and arsanihe acid (= ‘Atoxyl’). Beyond this arsenical 
dose level, there is a gradual decrease in the group survival rate. 

2. A single injection of p-aminobenzoate is capable of conferring the pro- 
tection. 

3. Against the LD #0 quantity of these pentavalent arsenicals, protection is 
afforded by a relatively smaller dose of p-aminobenzoate; 15 mgm./kg. was 
found sufficient to protect 50% of individual rats and to prolong the survival 
time of a group of rats receiving 400 mgm /kg of arsanihe acid. 
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STUDIES ON THE DETOXICATION OF ORGANIC 
ARSENICAL COMPOUNDS 

III The Time Factor Influencing p Aminobenzovte Protection of Rats 
Recto ing Lethal Doses of Phfnyl Arsonates 

J II SANDGROUND‘ 

Lilly Research Laboratories, Indianapolis, Indiana 
Received for publication April 12, 1913 

As shown in the preceding paper of this senes (1), the administration bj the 
mtrapentoneal route of 500 mgm /kg of sodium p ammobenzoatc counteracts 
the lethal effect of (a) 1000 mgm /kg of carbarsone (p carbamino phenyl 
arsomc acid) or (b) 400 mgm /kg of arsamlic acid (p amino phenyl arsomc acid 
or ‘AtoicyP) Occasionally, in our early experiments, even higher doses of p- 
ammobcnzoate did not provide complete or “overall” protection, from 2 to 5 
rats in a group of 10 eventually succumbing An investigation designed to 
reveal some of the causes underlying the failure to impart protection to all 
indi\ idual animals on what appear to be adequate doses of p aminobenzoate 
forms the subject of the present communication 
On analyzing protocols and checking on dosage calculations etc , it was noted 
that less effective protection was more likely to occur when work involving a 
large senes of rats was undertaken than when an expenment called for a moder 
ately small number of ammals Further, it w as observed that the outcome 
was likely to be less favorable when the entire series of rats was first injected 
with the arsenical, in consequence of which a considerable penod might elapse 
before the p aminobenzoate was administered 
While providing us with necessary information on factors that might influence 
the efficacy of protection, it appeared, incidentally, that this 6tudy might shed 
some light on the mechanism underlying the detoxicating action of p amino 
benzoate 

Experimental procedure Conditions under vs hicli these experiments were performed 
were essentially the same as outlined m our earlier papers Groups of 10 or more unselected 
albino rats of 90 to 110 grams w eight were injected mtraperitoneally with either carbarsone 
or arsamhc acid in 20% aqueous solution (of the sodium salt) at the approximate LD, a rates 
of 1000 and 400 mgm per kg respectively The arsemcal injection either preceded or 
followed at various timed intervals the injection of p aminobenzoate For the control 
series, either the calculated dosage of p aminobenzoate and arson ate was mixed and given 
as a single injection or not more than a few minutes were allowed to intervene between the 
injection of the separate solutions Experimental animals were in all instances observed 
for at least eleven days In an isolated case or two on account of the present difficulty in 
securing an adequate supply of rats commercially, we have, after a short rest interval, 
reused rats that had previously been subjected to protection tests Such survivors are 


1 With acknowledgment to Mrs Nina Belle Boling and Mr Charles R Hamilton for 
valued technical assistance in the performance of this study 
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capable of living the normal rat life span, and we have never observed that, as a result of 
their previous experience, these were either more or less susceptible to arsenic or less amen- 
able to protection by p-aminobenzoate. 

In order to eliminate superfluous variable factors, it was decided that the protoctivedoso 
of p-aminobenzoate should be uniform and at the rate of 750 mgm./kg. This quantity of 
p-aminobenzoate is well within the limits of tolerance and yet is from one and one-half to 
three times the quantity previously found sufficient for the protection of nearly nil rats in 
groups receiving the LD»a of carbarsone or nrsanilic acid (2), 

From the results of experiments abstracted in tables 1 and 2 it is seen that, 
on the average, the outcome of a protection experiment is decidedly influenced 
by a time factor. “Neutralization” of the lethal effects of the arsenical is fully 
achieved when both p-aminobenzoate and arsenical are administered simul- 
taneously (mixed) or when p-aminobenzoate is administered within one hour 
(in the case of carbarsone) or up to three hours (in the case of arsanilic acid) 
in advance of the arsenical. On the other hand, should the arsenical be injected 
first, as short an interval as 15 minutes (for carbarsone) and 30 minutes (for 
arsanilic acid) is associated with a significant reduction in the detoxicating 
potentialities of p-aminobenzoate. A greater lapse of time is accompanied by 
an almost directly proportional loss of protection. 

Discussion. If speculation as to the mechanism underlying detoxication 
of the pentavalent arsenicals may be initiated on the basis of evidence thus far 
presented, considerable significance, we believe, must be attached to the re- 
sults recorded in the present paper. In our opinion, no rationale can be ac- 
ceptable unless it satisfactorily accounts for the cumulative effect of the time 
factor whose influence on the degree of protection, even when this is measured 
by so crude a yardstick as “percentage of group surviving”, shows remarkable 
regularity. 

The fact that p-aminobenzoate bears a similar structural relationship to 
arsanilic acid as it does to sulfanilamide suggests that one might find an explana- 
tion of detoxication on lines parallel to the enzyme blockade theory that is 
currently receiving wide acceptance as a basis whereby the mechanism of 
bacteriostasis by sulfonamide drugs can be rationalized. Among other sources 
of supporting evidence, this theory has received confirmation from the demon- 
stration of a strict quantitative relationship between “essential metabolite” 
(c.g., p-aminobenzoate in medium for bacterial growth in vitro ) and its “in- 
hibitor” (e.g., sulfanilamide) (2), from the studies of Keltch cl al. (3, 4) on the 
effect of certain local, anesthetics, and from the more recent work of Mcll- 
wain (5). 

It should be unnecessary to point out that the present studies have been 
concerned entirety with an in-vivo system. Though there appears to be no 
indication even of an approximate equivalence in moles of the quantities of p- 
aminobenzoate found necessary to inhibit the lethal result of various quantities 
of the different arsenicals, the actual molar relationships required to achieve 
“inhibition" of the lethal effect could only be revealed from a quantitative 
determination of the critical blood and tissue levels of the two antagonistic 
compounds in rats that survive as compared with those that succumb. 




TABLE 2 


Influence of sequence and time interval on protection of rats 400 mgm /kg arsamUe acid i p , 
preceded or succeeded by 7 60 mgm /kg p ommoEtenzoafc \ p 


SEQUENCE 

TIME ZNTEtVAX. 

xtofBM 

ANIMALS USED 

EZICEXTACE 

SUIVIVED 

AVZ1ACE BUBVTYAt P1UOD 
(DAYS) 

For group 

For rats 
that (lied 


MtHuUt 





p aminobenzoate 

540 

10 

20 


3 0 

prior to 


10 

50 



arsanilic acid 


10 

60 





10 

70 





10 

100 





10 

100 




45 

10 

80 




30 

10 

100 



p aminobenzoate plus 

simultaneous 

25 

96 

9 7+ 

4 0 

nrsamlic acid 






Areamhc acid alone 

control 


9 3 


2 3 

Arsanilic acid 

30 


90 

9 5+ 

m m 

prior to 

45 


55 

6 3+ 


p aminobenzoate 

GO 


50 

5 5+ 



120 


20 

3 4+ 



180 


4Q 

4 8+ 



240 


30 

4 0+ 



300 


0 

1 0 

■ ■ 
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Unfortunately the exigencies of war preclude the chemical studies necessary 
for the acquisition of these essential data at present. Nevertheless it may bo 
useful to speculate on the mechanism of this detoxication phenomenon from 
another angle. It may not be remiss to point out that our publications up to 
this time have been devoted to the detoxication exclusively of pentnvnlent 
phenyl arsonates and stibonates (G) by p-aminobenzonte. Studies still in 
progress have revealed a number of other compounds, some not even remotely 
related to p-aminobenzoate, which have detoxicating value against the penta- 
valent arsenicals. On the other hand, we have found that p-aminobenzoate 
does not confer much protection against lethal doses of the trivalcnl arsenicals, 
more especially against wi-amino p-hydroxyphcnyl arsenoxidc (‘Mapharscn’). 5 
This, we suspect, is of special significance, for it fits in with what has been 
learned about the time relationship. 

It is well known that neither the pentnvnlent. arsenicals nor the trivalcnt 
nrsenobenzenes are as immediately toxic for mammals or as directly parnsiticidnl 
for trypanosomes as are the corresponding “arsenoxides” drived by reduction 
or by oxidation according to the scheme: 

OH 

R. As— As. R -Q-* R. As=0 *-2~ R. As^O 

\ 

OH 

On injecting a lethal dose of “arsenoxidc” into a rat, symptoms of poisoning 
appear within a few minutes, and the animal dies oftentimes in less than an 
hour. In contrast, a lethal dose of pentavalcnt arsenicals rarely produces 
immediate signs of intoxication, and often more than 24 hours will elapse before 
the rat succumbs. Reflecting the same basic toxic process is the well estab- 
lished fact (7) that trypanosomes commence to disappear from the blood of 
infected rats almost immediately on injecting “arsenoxidc”, as compared with a 
latent period up to six hours after the injection of an effective dose of arsphena- 
mine, or 12 to 18 hours after such a pentavalent arsenical as ‘Arsacetin’ (]>- 
acetylaminophenyl arsonic acid). 

It is reasonable to account for tliis latent period by identifying it with the 
time required for the reduction of sufficient pentavalcnt arsenical to attain the 
toxic threshold of “arsenoxide”. The formation of "arsenoxidc” in animals 
after the injection of arsphenamine has actually been demonstrated hv Rosen- 
thal (8). According to Warburg (quoted by Rosenthal and Voegtlin (9)) the 
poisonous effects of arsenicals are due to the chemical action of nrsenious and 
on an iron-containing respiratory enzyme. Voegtlin, Dyer and Leonard (10) 
arc of the opinion that “arsenoxidc” cherts its action on mammalian protoplasm 
through its chemical affinity for the sulphydrvl group of certain proteins (e.g., 

■ Unrcported studies from this laboratory show a definite order of protection only npiin't 
neoarsphenamine. 



TIME FACTOR AND PABA 


213 


glutathione), leading to the death of cells by asphyxiation. The destruction 
of trypanosomes by “arsenoxide” is believed to take place through a similar 
sulphydryl mechanism. At any rate, it was shown by Voegtlin and Dyer (11) 
and by Voegtlin, Dyer and Leonard (10) that the injection of such an — SH 
compound as reduced crystalline glutathione counteracts the toxic effect of 
nrsphenamine on the host and diminishes its therapeutic (parasiticidal) effect 
on the trypanosomes. 

In previous papers (G, 12) we have presented evidence that even very high 
doses of p ammobenzoatc fail to inhibit the trypanocidal action of cither penta- 
valent arsenicals or antimonials.* It may, therefore, be safely inferred that p- 
aminobenzoate does not appreciably interfere with the reduction process whereby 
the trypanocidal “arsenoxide” derivative is produced in the body. 

Taken in conjunction with the above mentioned finding, that p aminoben- 
zoate offers little protection against “arsenoxide”, it is difficult to regard as 
purely fortuitous the fact that the time required for the conversion of the 
relatively innocuous pentavelent arsenical into the directly trypanocidal and 
host-toxic “arsenoxide” almost coincides with the time found for p-aminoben- 
zoate to commence losing its protective properties when introduced into the 
body prior to the arsenical. 

The survival rate of rats that receive p-aminobenzoatc before the arsenical 
may well be determined by the rate of p-aminobenzoatc excretion as worked 
out by Quick (13) in the dog and by Strauss el al (14) in man, reciprocally, it 
may also be an index of the speed with which “arsenoxides” are produced in the 
body by reduction of the various pentavalent arsenical compounds. 

On the basis of other studies, it is felt that it would be premature at this 
stage to continue further speculation on the mechanist ic aspects of arsenical 
detoxication. It is cleai that much work of a biochemical nature, particularly 
with respect to the part that p-ammobenzoate plays in the normal metabolism 
of the cell and its enzyme systems, is called for before any satisfying theory 
can be elaborated. 


SUMMA.RY 

1. The time factor entering into the sequence of administering uniform doses 
of p-aminobenzoate and either of two typical phenyl arsonic acid derivatives 
to lats is found significantly to influence the survival rate of the group 
2 The prior injection of p-ammobenzoate up to three hours before the 
arsenical confers protection upon nearly all animals In contrast, the injection 
of the arsenical thirty minutes before the p aminobenzoate is associated with a 
distinct reduction in the group (oi overall) protection, and this reduction pro- 
ceeds pan passu with the increase m the time interval 
3. An explanation of this phenomenon in terms of the tn-vno reduction of 
pentavalent arsenicals to the trivalent “arsenoxides” is tentatively presented. 

* Nor does it interfere with the trypanocidal action of neoarsphenamine, according to 
findings in this laboratory 
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THE EFFECT OF SODIUM DIPHENYL HYDANTOINATE (DILANTIN 
SODIUM) ON THE UTILIZATION OF ASCORBIC ACID 
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It has been reported that sodium diphenjl hjdantomate (dilantm sodium), 
an effective anticonvulsant agent in epilepsy, maj stimulate gingival hyper- 
plasia in some patients when gnen over extended periods Kimball (1, 2) asso- 
ciated this with a possible vitamin C deficiencj Franked (3) made similar 
observations and reported some evidence that the plasma ascorbic acid level 
was lowered Drake, Gruber and associates (4, 5) claimed that dilantm sodium 
definitely lowered the vitamin C of the blood in guinea pigs and also of the tissues 
m rats An opposite view has been expressed by Gruhzit (C), Memtt and 
Foster (7), Hawke (8), Ziskin cl al (9), and Millhon and Osterberg (10) This 
report is further evidence in support of the latter opinion 

The plan of our stud} included feeding young guinea pigs a basal scurvy- 
producing diet, then giving them graded amounts of ascorbic acid and in turn 
supplementing this with different doses of dilantm sodium The criteria used 
were (f) the effect on weight increment, (5) gross pathological changes, (S) assay 
for the ascorbic acid plasma levels, and (4) the determination of the ascorbic acid 
content of the adrenals, brain, testes and liver 

Experimental Animals and diet Young guinea pigs weighing 250-300 grams were kept 
in groups of 4 to 11 animals each The scurvy diet fed throughout w as essentially that of 
Shtuman fll,l Ji consisted of jailed natsv- 39 5%, wheat bran,. 29 5.%.. heated skim milk 
powder, 30%, butter fat, 9%, cod liver oil, 1% and sodium chloride, 1% In addition, 
water and autoclaved clover hay were given ad libitum The animals were weighed at 
regular intervals and, as the experiment progressed, observations were recorded on the 
appearance and condition of the fur, eyes, teeth, gums, tenderness and enlargement of the 
joints Further, on autopsy, the following were noted firmness of teeth presence of 
“rosary ” on the nbs, enlargement of joints, hemorrhagic appearance of the knees elbows 
and intestinal tract The lungs, liver, kidneys and adrenals were also observed 

Experiments Four feeding experiments were earned out In each, the animals were 
divided into 5 to 7 groups, some of which served as controls while, with the other groups, 
the interrelationship of ascorbic acid and dilantm sodium was studied Experiments 1 
and 2 were the preventive scurvy type and expenment 3 was the curative type In these, 
the w eight increment, the general appearance and autopsy findings were noted In expen 
ment 4, preventive type, the ascorbic acid plasma le\els and the ascorbic acid content of 
tissues were determined 

Methods In experiments l, 2 and 3 the ascorbic acid w as given orally by pipette and the 
dilantm sodium orally from capsules by emptying the powder well back in the throat and 
following with a few drops of water In experiment 4 the ascorbic acid was administered 
subcutaneously, the concentration of the solution was such that the dose was not more than 
I 0 cc The dilantm sodium w as given in the same manner as in experiments 1 and 2 


1 Presented before the September 1942 meeting of the American Chemical Society, 
Buffalo, N “i 
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The samples for the blood plasma were taken by cardiac puncture from each guinea pig 
once a week, over a period of 7 weeks. Further, the actual time of drawing the test sample 
was adjusted so that it fell between 16 and 20 hours after administering the supplements. 
To this end, the animals from each group were always handled routinely in the same order. 
Immediately after taking the blood and transferring it to tubes, it was centrifuged. The 
plasma ascorbic acid was determined at once by the Farmer-Abt (12) micro-method. 

For the tissue work, male guinea pigs were taken. They were killed by decapitation. 
Following the Bessey technic, (13) the tissues (the adrenals, brain, right testis and liver) 
were handled as rapidly as possible, weighed, ground with washed sand in the presence of 
3% mctaphosphoric acid, diluted with more acid, centrifuged and assayed coioriroetrically, 
using the Evelyn photocolorimeter. 


TABLE 1 


Effect of dilanlin sodium on weight increment 



| DAILY T2XATUXXTS 
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Experiment 2 (7 weeks) 
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9 
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V 
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7 
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193 

VI 

None 

None 

9 


196(c) 

-120 


(a) Mgm. per guinea pig per day. 

(b) Mgm. per kilo, per day. 

(c) Weight on 26th day. 


Results. Effect on ivcighl increment: The average weight gains for experi- 
ments I and 2 are given in table 1 and those for experiment 3 in figure 1- The 
data are arranged primarily so as to compare the effect of the two supplements, 
ascorbic acid and dilnntin sodium. The level of vitamin C (0.5 mgm. daily) 
was intentionally kept low while that for the dilantin sodium was veiy l‘>S h - 
It was thought that such a high ratio would tend to accentuate any effect that 

dilantin sodium might have. , 

The results indicate, except for group VI, the negative control, that all ttic 
guinea pigs made relatively good gains. .All animals were active and alert and 
gave no outward indications of having any scurvy symptoms. 

Specifically, the data in both experiments 1 and 2 indicate for groups I and 
II (lettuce with and without dilantin sodium) that the drug seemed to retard 
the gains. This difference was due in part however to variations m animals, ana 
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in part to the handling which the guinea pigs of group II received in their daily 
treatment. Comparing the values in groups III, IV and V, the evidence indi- 
cates that dilantin sodium had very little effect. 

Additional data in experiment 3 (fig. 1) substantiate this. Here there were 
three groups, having 9 to 11 animals each. All were kept on the vitamin C 



depletion diet for about three weeks in order to permit scurvy to develop (as 
measured by weight). One group received 50 mgm. dilantin sodium per kilo- 
gram. per day while the other two had no supplement. From this time on, one 
group was continued on the scurvy diet as negative control and two groups (one 
with and without dilantin sodium) were given, over a curative period of 45 days, 
0.5 mgm. of ascorbic acid per day per pig. It will be seen from the curves that 
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the animals receiving the dilantin sodium behaved no differently than the con- 
trols throughout the depletion and curative periods. Further, examination upon 
autopsy of these guinea pigs showed no differences between the groups with 
respect to symptoms of scurvy including gingivitis. 

Effect on the plasma ascorbic acid levels: Our original plan in experiments 1, 2 
and 3 called for observations on the plasma ascorbic acid level. We found, 
however, that the normal plasma level was so very low (0.02 to 0.05 mgm. %) 
that it would be difficult to measure any significant differences in a decline. 
Later, Drake and associates (5), in studying this same problem with guinea pigs, 
apparently overcame the difficulty by first giving the animals an excess of 
ascorbic acid (5 mgm. per day). In this manner they raised the vitamin C 
blood level to around 0.6 mgm. %. Under these conditions they found, upon 
giving 13 mgm, of dilantin sodium per kilo per day, that the ascorbic acid level 
dropped to around 0.3 mgm. % and on withdrawing the drug, it came up to 
0.6-0.7 mgm. Unfortunately the authors did not state how soon the blood 
samples were taken following their treatment with ascorbic acid and dilantin 
sodium, nor did they give any data for control groups. Since it is known that 
plasma vitamin C levels drop very rapidly immediately after giving ascorbic 
acid, the obvious question arises as to whether Drake el al. made their observa- 
tion before the animals had time to allow the blood vitamin C level to approach 
a constant or maintenance phase. This rapid decline was shown by Zilva (14) 
who found the piasma ascorbic acid level after injecting 50 mgm. of vitamin C 
was 32,5 mgm. % in 30 minutes and down to 3.5 mgm. in 4 hours. 

In experiment 4, we followed the plan of Drake ct al. in raising the ascorbic acid 
plasma levels above that of the controls. Our procedure differed from theirs 
fundamentally, however, in three respects: First, the basal rations were not 
alike, second, Drake ct al. studied the whole blood while we tested plasma; 
and third, we adjusted the time of taking the cardiac puncture samples so 
as to avoid the rapid falling phase. We therefore allowed appreciable time for 
the ascorbic acid blood levels to approach maintenance. Following our daily 
routine sequence of carrying out the various steps in the technic, this interval 
of time was 10-20 hours. 

The data are presented in fable 2. Groups I and II serve as the controls and 
give values of 0.01-0.03 mgm. ascorbic acid per 100 cc. of plasma. Group III 
and IV correspond with those of Drake ct al. It will be seen that while the 
vitamin C levels are definitely higher than the controls they are decidedly lower 
than theirs. When the data are examined with respect to dilantin sodium, they 
indicate that the drug had no effect. In order to raise the so-called maintenance 
plasma level further, in group V, VI and VII, 25 mgm. of ascorbic acid were 
injected subcutaneously. Besides, In group VII, the daily dose of dilantin 
sodium was increased from 13 to 50 mgm. per kilo per day, which is 16 times 
the human daiiv dose. It will be seen that while the plasma levels were thus 
raised to around* 0.4 mgm. %, f he values for the different groups were practically 
identical, indicating again that dilantin sodium hnd no effect on the utilization 


of vitamin C. 

Effect on (he ascorbic acid content of tissues: Since we 


were unable to find any 



DILANTIN SODIUM AND ASCORBIC ACID 


219 


effect of dilantm sodium on the plasma ascorbic acid levels, we decided to 
investigate its effect on the storage of this vitamin in the tissues of the animals 
Determinations were accordingly made on the adrenals, brain (cerebrum), liver 

TABLE 2 


Effect of dtlanltn sodium on plasma ascorbic acid 
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TABLE 3 

Effect of dilantm sodium on ascorbic acid content of tissues 
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and testes of the animals used in the plasma study The values obtained are 
shown in table 3 In no case is there a significant difference between the corre 
sponding \ alues for the ascorbic acid content of the tissues of the dilantm sodium 
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treated animals and their controls. A difference which approaches statistical 
significance exists for the mgm. of ascorbic acid per gram of adrenal gland be- 
tween groups III and IV. Further inspection of the data shows this to be due 
to a slight hypertrophy of the adrenals of the dilantin sodium treated animals, 
and that actually the total amount of ascorbic acid stored in the adrenals is 
greater than that of their controls. It is interesting to note that the low level 
of ascorbic acid in the tissues of the normal control animals, group I, is in 
good accordance with the low values for plasma ascorbic acid (table 2). 

At the end of this stage of our study of the vitamin C content of the tissues 
we discontinued the injection of ascorbic acid supplement of the remaining ani- 


R&2. Effect of Dilantin Sodium on Vitamin C Utilization . 
( Ascorbic Acid Content of Tissues During Depletion. ) 



mals in groups V, YI and VII, and continued the daily treatments with dilantin 
sodium to see if some difference might arise from the effect of depletion. At the 
end of one week and again after 2 weeks on the vitamin C-frcc regime, analyses 
were made of the ascorbic acid content of the tissues. Three animals from each 
group were taken, males being selected due to the fact that most of the females 
were either pregnant or nursing their young. In this way wc were able to 
observe the effect of the drug on tissue levels far below saturation. The results 
are shown in figure 2. Examination of the graphs reveal that there is practically 
no difference between the curves obtained for the dilantin-trcatcd animals and 
their controls. The curves for the group receiving the higher dosage of dilantin 




DILANTIN SODIUM AND ASCORBIC ACID 


221 


run a little below the curves for the other two groups in every case, but this 
difference is much too small to be considered significant. The striking difference 
between the slope of the curve obtained for the brain as compared with the 
curves for the three other tissues seems worthy of note. The data of table 3 
show that this organ is also the first of the four to become saturated with ascorbic 
acid when this vitamin is available to the animal. The physiological signifi- 
cance of this finding remains to be pointed out 

SUMMARY AND CONCLUSIONS 

In a stud}' of the influence of sodium diphenyl hydantomate (dilantin sodium) 
on the utilization of vitamin C by young guinea pigs, observations were made 
on the gain in weight, gross pathological changes, plasma vitamin C levels and 
the ascorbic acid content of tissues 

Feeding experiments were earned out with both the curative and preventive 
vitamin C regime The Sherman basal scurvy ration was used, supplemented in 
one senes with a minimum oral daily dose of 0 5 mgm of ascorbic acid. Dilantin 
sodium was then given orally to some groups in massive amounts — 50 and 100 
mgm per kilo (10 to 20 times the human dose) After 7 to 9 w'eeks the guinea 
pigs were autopsied In another series (prophj lactic) guinea pigs were given 
daily oral doses of 13 and 50 mgm of dilantin sodium per kilo and after 1 to 2 
hours injected subcutaneously with 5 and 25 mgm. of ascorbic acid per pig per 
day, o\er a penod of 8 to 14 weeks. 

The results indicate: (a) that the dilantin sodium had little or no effect on the 
gam or loss in weight, (5) that the dilantin sodium treated guinea pigs were able 
to breed and rear their young, (c) that dilantin did not raise or lower the plasma 
ascorbic acid levels, ( d ) that the drug had no influence on the ascorbic acid 
content of the adrenals, brain, testes and liver, and (e) that there were no gross 
pathological manifestations of scurvy including gingivitis 
From the above findings we feel justified in concluding that sodium diphenyl 
hjdantoinate (dilantin sodium) has no significant effect on the utilization of 
ascorbic acid by the guinea pig 
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In recent reports from this laboratory, there have been presented two impor- 
tant observations on the chemistry of the mclanophore hormones (a) art increase 
in potentiation of the hormone with change in pH from low to high values, and 
(b) a difference in pharmacological properties between the “potentiated" and 
the "unpotentiated” substance. This led us to believe that potentiation of the 
hormone is due to an effect on the molecule by changes in pH. Therefore, in the 
assay of the melanophore material, a standard should be prepared at the same 
pH as that of the unknown (1, 2). 

In the present paper, further experimental evidence will be given to support 
the above statements. In the light of the new findings, two methods will be 
offered for the assay of the melanophore substances. 

Experimental methods. Hypophysectomizcd frogs ( Rana pipiens) weighing 20 to 30 
grams were employed as test objects. The technique of hypophyscctomy is very simple 
and has been described elsewhere (3). The melanophorcs were examined under a binocular 
microscope, using 48 mm. objective and lOx oculars. The cells of the webbing of the foot 
were found to be most constant and uniform in their response to melanophore substance, 
provided the legs were not affected by diseases such as "red leg.” Only hypophysectomizcd 
frogs in which the melanophorcs were fully contracted to circular or oval shapes were 
selected for quantitative Btudics. A gradual increase in sensitivity to melanophore sub- 
stance was observed for some days following hypophyscctomy; therefore only animals 
which had been operated on the same day or within an interval of three days were clio»on 
for each experiment. 

Injections were made into the ventral lymph sac of the frog through the mouth. In the 
assay procedure the same volume of solution, usually 0.25 cc., was used. 

The activity of a melanophore preparation was determined by the total response of the 
melanophores, for which we adopted the length of time which is required for the 
melanophorcs to expand and to return to full contraction after injection (1). The response 
of the melanophorcs in the entire web of one foot was observed repeatedly. For each de- 
termination four frogs were employed. The melanophore activity was calculated from the 
average value of total responses of four frogs. 

The effect of hydrogen ion concentration on potentiation was investigated over a wider 
range of pH values than that previously employed. Instead of extracting a standard 
pbwdcr of the posterior pituitary with solution of different pH by boiling two minutes and 
filtering (1), a standard solution of the posterior pituitary, prepared according to the 
procedure given in If.S.P. XI, was added to solutions of differing pH, and boiled for three 
minutes. The three-minutes’ boiling of 10 cc. solution was conducted in a 30 cc. fia*h 
covered with a boiling cap. When a longer period of boiling was desired, the solution was 
heated in a flask with a reflux condenser. 

'This investigation was aided by grants from the Committee on Research in Undo- 
crinology, National Research Council and from the Dr. Wallace C. and Clara A. Abbot. 
Memorial Fund of the University of Chicago. 
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To determine the rate of potentiation and destruction of the melanophorc substance, 
the reaction was studied in an alkaline medium at various temperatures The general 
procedure is that ordinarily used for studj mg the velocity of reactions At different times 
of the reaction, 1 cc.of the reacting medium was withdrawn and added to9cc.of acetic acid 
of such strength as to neutralize the amount of alkali. This w as then immediately assayed 
in hypophysectomized frogs. 

Further details of the procedure for the estimation of the melanophore substance will be 
given in the section on the methods of assay. 



Results X. The effect of pH on potentiation. In figure 1, the pH values are 
given on the abscissa and the total response in minutes or the change of total 
response w ith pH is indicated on the ordinate. The deri\ ed curve was obtained 
by graphical differentiation It will be seen fiom the pH-response cur\e that, 
after three-minutes’ boiling, there is a gradual augmentation of the melanophore 
activity as the pH rises from 3.25 to 9. Higher than pH 9, this increase of 
activity with pH becomes very rapid and reaches a maximum at pH 112. No 
more increase of melanophore activity occurs as the pH is further increased to 13. 
At pH 14, on the other hand, the activity is considerably lessened. This signifies 
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that pH 11.2 and three-minutes’ boiling are the optimal conditions for ma ximal 
potentiation of the melanophore hormone. 

The characteristics of the pH-response curve suggests the possibility that 
the maximum potentiation may be obtained also at a pH lower than 11.2, mainly 
by increasing the duration of boiling. Data bearing on this conjecture are pre- 
sented in figure 2 and table 1. The graphs in figure 2 show that, although po- 
tentiation increases with the duration of boiling, an equilibrium condition is 
established eventually, after which no. further potentiation takes place. At 
equilibrium, only a certain percent of the hormone is potentiated, increasing 
with the rise of pH. As indicated by the data in table 1, the fraction of the 



unpotentiated hormone may be further potentiated by the increase of pH of 
the medium. 

By taking the values of total response from the plateau of the curves in figure 
2, which correspond to the maximal activity of a melanophore preparation 
potentiated at that pH by long boiling, and plotting them against the respective 
pHs, the pH-response curve in figure 3 is obtained. From these two graphs it 
may be seen that the hormone may be completely potentiated at pH 11.2 after 
three-minutes’ boiling or at pH 9.2 after 2 hours. However, owing to an equi- 
librium condition established between the unpotentiated and the potentiated 
substance at a pH lower than 9, potentiation does not undergo completion even 
after prolonged boiling. 
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Another point of interest may be observed from the derived curves m figures 
1 and 3 The maximal increase in potentiation with pH after three minutes* 
boiling is at pH 10 8 (fig 1) , after prolonged boiling it is at pH 7 2 (fig 3) 



Fig 3 

The above observations on the effect of pH on potentiation all point to the 
conclusion that the phenomenon of potentiation is one 'which involves a chemical 
change of the native hormone molecule The nature of the chemical transforma- 
tion in potentiation will be discussed m the following section 
2 Potentiation and destruction of melanopkore hormone by alkali Two senes 
of expenments using tno media, M/10 Na 3 PO< and N/l NaOH, were conducted 
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EFFECT OF TEMPERATURE ON POTENTIATION AND DESTRUCTION 
OF MELANOPHORE SUBSTANCE IN 0.1MNa 3 P0 4 

TOTAL RESPONSE 
IN MIN, 



TIME OF 

REACTION IN MIN. 
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at various temperatures. The data are graphically represented in figures 4 and 
5. The striking features about them are: (a) the accelerated rate of potentia- 
tion •with temperature, which is approximately doubled at every ten-degree 
increase, and (b) the increased destruction of the melanophore substance with 
the rise of temperature or alkalinity. 

It may be seen in figure 4 that at temperatures below 60°C., potentiation in 
M/10 NajPO* is not complete even after prolonged heating. At boiling tem- 
perature, however, the reaction is completed in three minutes. M/10 NajPO« 
and three-minutes’ boiling are the optimal conditions for complete potentiation 
of the melanophore hormone. 



Owing to the lack of a chemical method or a test object with which the quan- 
tity of either the unpotentiated or the potentiated substance could be deter- 
mined in a mixture of the two, a calibration curve was constructed m figure 6 in 
order to estimate the composite concentrations of the two substances. The 
abscissa indicates the composite quantities of the unpotentiated and the po- 
tentiated substances, expressed in terms of standard powder, which is 0.25 y in 
total. This is the equivalent amount injected into each frog. This range of 
composite concentrations is that of a potentiating medium in which the un- 
potentiated is changed into the potentiated substance. Using such composite 
solutions of the two substances, the total responses of frog melanophores were 
determined and plotted as ordinate on the graph. The standard solution of 


228 


GRAHAM CHEN AND EUGENE M. E. GEILING 


the posterior pituitary (made in 0.25% acetic acid) was used as the unpotentiated 
material. The potentiated material was made from the unpotentiated bv 
boiling for three minutes in M/10 Na 3 PC> 4 . 

From the calibration curve, the total response on the potentiation graphs in 
figure 4 may be converted into the concentration of the unpotentiated material 
in the potentiation medium. By plotting the logarithm of concentration of 
the unpotentiated material in the potentiation medium against the time of 
the reaction, a linear relationship is obtained (fig. 7) for the potentiation graphs 



Fig. 7 


in figure 4. Such a relationship may be represented by the following equation: 


rp __ J_ Jqq ^ ^ where a — concentration of the unpotentiated material at 

the beginning of the reaction, T = 0; X = amount of the material transformed 
during the time T; a-X = concentration of the unpotentiated substance a 
time T of the reaction; and K = velocity constant. 

By differentiation, g - K (a-X), which means that the reaction is of the 

first order, or a monomolecular reaction. 

The velocity constant K for the potentiation reaction in M/10 ba 3 PO< na* 
found to be 0 0024 and 0.012 for 60°C. and SOT. respectively. 

Among The reactions which obey the law of the first order are those of mo ec 
ular cleavage and rearrangement. The potentiation of melanophore hormone 
may bo due to such an effect on the molecule. 
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Since there still reraains the cnticism that the concentration of the unpotenti- 
ated or the potentiated hormone w as not estimated individually, the velocity of 
the potentiation reaction should be further im estigated with a method, chemi- 
cally or biologically specific for one of the two substances 
As indicated in figure 5, the reaction is quantitatn ely different m N/l NaOH 
Destruction of the hormone takes place slowly even at 25°C and increases 
rapidly with the nsc of temperature It has not been possible to potentiate the 
melanophore hormone in N/l NaOH by the regulation of temperature without 
at the same time encountering destruction It is evident that N/l NaOH 
should not be used to potentiate melanophore hormone in quantitative studies 



The graphs in figure 8 were obtained from an experiment in wluch the destruc- 
tion of the potentiated hormone was conducted in N/l NaOH at 45°C The 
potentiated material was first made in M/10 Na 3 PO* and added to the reaction 
medium The straight line w as obtained by plotting the logarithm of the total 
response as the ordinate and the time of the reaction in minutes as the abscissa 
It will be shown in a succeeding section that the logarithm of concentration and 
the logarithm of total response are related linearly , consequently, the logarithm 
of concentration and the reaction time aie also linearly related Expressed 
mathematically the following equation holds 
Let R — total response, A = concentration of the potentiated substance at 
the reaction T, since R = aA 6 , log R — log a 4- b log X, from the graph, log R = 
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A - KT, therefore log a A b log X = A — KT, log X = — l -2ll i og 

X = A' - K'T or X = A" e —K"T where a, b, A, K, A’, K', A", K" are con- 
stants. 

We have so far presented evidence indicating the chemical transformation of 
one melanophore substance into another by potentiation with alkali. In the 
following section, experimental evidence, which shows a difference in pharma- 
cological properties between the potentiated and the unpotentiated material, 
will be given. 

3.' The pharmacological properties of the unpotenliated and the potentiated 
melanophore substances. In table 2 is given the amount of unpotentiated or 
potentiated material that will produce in 40-60% of the hypophysectomized 
frogs a maximal response as indicated by one of the following stages — semi- 
stellate, stellate, stellate-reticulate and reticulate. Each determination was 
made in 10 frogs, 7-10 days after operation. The unpotentiated and the po- 


TABLE 2 


STAGE* 

AMOUNTS REQUIRED IN 7 OT STAND POWD. 

'Unpotentiated 

i Potentiated 

s.s. 

0.06 (0.02-0.1) 

0.05 

s. 

0.18 (0.15-0.2) 

0.08 

S.E. 

0.30 (0.25-0.35) 

0.10 

R. j 

0.60 (0.40-0.80) 

0.15 


* S.S., semi-stellate; S., stellate; S.R., stellate-reticulate; B.., reticulate. 


tentiated materials were prepared according to the routine procedures as given 
in the above section. 

Arbitrarily giving a numerical value, 1, 2, 3, and 4, to indicate the relative 
increase in size of the melanophores to each of the successive stages — SS, S, 
SR, and R, and plotting against the logarithms of the doses required to produce 
the corresponding stages in 50% of animals, a linear relation is obtained as 
indicated in figure 9. The straight line for the unpotentiated substance has 
a different slope and a different intercept from that for the potentiated. It 
means that the reaction of the melanophores toward the two substances is 
qualitatively and quantitatively different. 

A more striking picture of the melanophore-reaction towards these two sub- 
stances may be seen from the time-response curves in figure 10. The stages of 
response were plotted against the time of the reaction. The readings of the 
various stages on the graphs were recorded from the observations of 10 frogs 
when 50% ot more of the animals showed such reactions. The graphs represent 
the intensity and duration of response in hypophysectomized frogs after receiving 
an equivalent quantity of the unpotentiated or the potentiated melanophore 
material in terms of the standard powder. In the first place, they indicate 
that the activity of the melanophore substance is greatly increased by potentia- 
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tion as. shown by the increase of both the intensity and the duration of the 
melanophore response. Second, the rate of return to the contracted stage is 
much slower after injection of the potentiated than after injection of the un- 
potentiated material. This is especially so in the return from the stellate to 
the fully contracted condition. 

These findings support our previous contention and the statement of Stehle 
that the unpotentiated and the potentiated materials are qualitatively and 
quantitatively different in their pharmacological effects (4). The potentiated 
substance, as Stehle believes, is probably of no physiological importance. The 



results are also in agreement with the recent observations of Landgrebe and 
Waring on Xenopus (5). The quantitative differences in the responses of un- 
potentiated and potentiated hormones have led us to make an extensive in- 
vestigation of the relation between dosage and total response of the two sub- 
stances. This will be discussed in detail in the following section. 

4. The relation between dose and the duration of response. When the data, 
graphically presented in figure 11, are plotted as their logarithms, as in figure 12, 
there is obtained a linear relationship. This relation may be expressed by the 
following equation: 

Since logv> R - a + b log l0 X ( R = total response, X = dose, a and b con- 
stants— the intercept and the slope of the straight line respectively) logit, R/X b - 
a, R = tOPXK 
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Some important characteristics may be pointed out from the lines m figure 
12 In the first place, the linear relationship between the logarithm of dose 
and that of response holds true for the unpotentiated as well as for the potenti- 
ated substance The difference lies in the two constants a and 6 From the 
numerical -values calculated from the lines in figure 12, it is of interest to note 
that the slope of the lines is the same for each substance regardless of the sensi- 
tivity of the test frogs, the degree of sensitivity being dependent upon the time 
interval following hypophysectomy The value of 6, the slope of the line, was 
found to be approximately \ for the potentiated material and j for the un- 



potentiated The value a, on the other hand, varies accordingly with the sen- 
8iti\ity of the animal — the longer the tune following hypophysectomy, the 
greater the value for a In other words, the value of b is dependent upon the 
chemical nature of the melanophore substance, while the value of a is determined 
by the sensitivity of the test animal 

It may be mentioned also that the equation as given above is the well known 
one for adsorption isotherm A discussion of the physico chemical laws in 
cell drug reactions is beyond the scope of the present paper. However, the 
reader is referred to Clark’s text for a discussion of this topic (G, 7) 

The relation between dose and total response has been described in order to 
interpret the data obtained for the destruction of the melanophore hormone 
By the same relationship between dose and response for the potentiated and 
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unpotentiated substances, a numerical expression may be formulated for potenti- 
ation. Based upon the total response as a measure for the activity of the 
melanophore substance, potentiation may be defined as the ratio of the total 

response of the potentiated to that of the unpotentiated substance. It follows 
then: 

P (Potentiation) ~ = ^~™-‘ = 10 a! ~ a X l, ~ b 

Taking the two equations, fi, = lO 31 X 1,2 and R = 70 2 X 113 for the potentiated 
and unpotentiated substances, calculated from the results of two experiments 
which were conducted on the same day with frogs of similar sensitivity (6-7 days 
after hypophysectomy), the equation of potentiation becomes: 

P = 10"- 1 - 2 X = 5X m . 

The values for potentiation calculated from this equation and those obtained 
from the observed data are given in table 3. It is evident that taking the dura- 


TABLE 3 


1 

DOSACE IN y S.P. 1 
* 1 

| DURATION or RESPOSSE 

j POTENTIATION Tl/T* 

pH 3. IS 
(T) 

pH 11.8 

Oi) 

Obs. 

Calc. 


min. 

min. 



0.1 

45 

135 

3.0 

3.4 

0.4 

75 

315 

4.2 

4.3 

1.2 

108 

540 

5.0 

4.9 

6.3 

190 

1115 

5.8 

6.8 

12.5 

240 

1800 

7.5 

7.3 

25.0 

290 

2380 

8.2 

8.6 


* Ti log ~ = 0.699 + 1/6 log x. 


tion of response as a measure of the activity of the potentiated and that of the 
unpotentiated substances, it is not possible to state with a single value the 
degree of potentiation. 

Another rvay of expressing potentiation is in terms of the ratio of concentra- 
tion of the unpotentiatod melanophore substance to that of the potentiated, 
which will produce the same duration of response of the melanophores. The- 
oretically, it may be shown from the dose-response relationship that the quanti- 
ties of the unpotentiated and the potentiated substances which would ^give 
the same duration of response are related as follows: when R\ = R, Xi — 
X W"” 1 where X, and X are quantities or concentrations of the potentiated 
and the unpotentiated substances respectively in terms of the standard powder. 

Following this definition, the values of potentiation in table 4 were calculated 
(a) from the data on the graphs in figure 11 and (h) by the linear relationship 
between the logarithm of dosage and that of response. It may be seen that the 
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value of potentiation is greater the longer the duration of response chosen for 
comparison. In other words, this value varies also with the dosage. 

An application of the linear relation between the logarithm of dose and that 
of total response is in the estimation of melanophore substances. This will be 
discussed in the succeeding section on the methods of assay of melanophore 
material. 

5. Methods of assay. The activity of a melanophore substance has been 
determined in one of the following two ways: (a) by the intensity and (6) by 
the duration of response of melanophores in test animals (1 , 8, 9). Regardless 
of the test objects or how the substance is to be assayed, it is clear from the 
observations presented in this paper that it is of paramount importance to state 
the pH and the temperature employed in the preparation of the melanophore sub- 
stance. Otherwise the estimated value will have no quantitative significance, 
since it may be a measure of one or a mixture of the unpotentiated and potenti- 
ated melanophore substances, the quantities of which vary with the pH and the 


TABLE 4 


TOTAL RES?. 

POTENTIATION* VALUE CALCULATED 

From graphs 

From formulae 

mt nultt 



200 

43 

50 

300 

02 

77 

400 

110 

100 

500 

119 

126 

600 

121 

152 

700 

128 

178 


. . amt. of unpot. melanophore substance 

* Potentiation = ; — ; 

amt. of pot. melanophore substance 


temperature employed. Since no method is available which would determine 
either one of the two melanophore substances, one way of estimating the activity 
of an unknown melanophore sample is by comparing it with a standard prepared 
at the same pH and temperature. Obviously, one meets considerable dfficulty 
in preparing a standard under conditions identical with those used for the un- 
known, without encountering some loss of the melanophore activity. In order 
to avoid the experimental difficulties, the simplest procedure is to determine the 
melanophore activity in either one of the two forms, the unpotentiated or the 
potentiated substance. In case of a mixture of the two the material may be 
estimated in the potentiated condition by first converting the unpotentiated 
into the potentiated substance. This is the criterion adopted in the assay 
methods which will be described. 

The logarithmic relation between doses and the various stages of response, 
as indicated by the graphs in figure 9, offers an intensity method for the estima- 
tion of the unpotentiated or the potentiated melanophore substance. By means 
of such a calibration line, the activity of the unknown may be calculated from 
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the stage of response which occurs in 50% of the 10-20 frogs. Instead of se- 
curing a 50% response, it is simpler to record the individual responses and calcu- 
late the activity from the average value of the stages in all animals, using the 
numerical values arbitrarily chosen for the various stages. 

With the intensity of response as an index of the activity of the melanophore 
substance, a unit of the melanophore hormone may be defined as that amount 
of standard ■powder which, when injected into each of twenty hypophysedomized 
frogs weighing 35-30 grams one week after operation, will produce a reticulate re- 
sponse of the melanophorcs in 50% of the annuals. Naturally, the unit is different 
for the two melanophore substances; it was found to be 0.5-0.6 y of the standard 
powder for the unpotentiated and 0.15 y of the standard powder for the potenti- 
ated melanophore substance. By this method of assay then, the potentiated 
material is about four times as potent as the unpotentiated when the degree 
of potentiation is expressed by the inverse ratio of the quantities of two sub- 
stances in terms of the standard powder that would be required to produce the 
same intensity of response of the melanophores. This expression gives an 
absolute value of potentiation. 

This method would be both simple and accurate if the various stages of re- 
sponse could be distinctly read and the area of the melanophores could be quanti- 
tatively recorded at the proper times. Such objective variations plus a sub- 
jective factor limit the method to the use of a small number of animals, and 
that inherently affects its accuracy. Furthermore, to be quantitative, a cali- 
bration curve should be constructed from a standard every time. This is also a 
laborious procedure. 

Evidently, the intensity method cannot be used for an amount of the 
melanophore substance which produces a reticulate response in all the animals. 

Owing to its simplicity, accuracy and applicability over a wide range of con- 
centrations, we prefer the following method of assay which is based on the dura- 
tion of response as an index for the activity of a melanophore substance. 

The principle of the method rests upon the linear relation between the 
logaritlim of the dose and the logarithm of the time of total response, which has 
been described in previous sections. For practical reasons, it has been found 
desirable to limit the range of doses to such quantities as will give a total response 
time from one to ten hours. The individual variation and the sudden augmenta- 
tion of the duration of response to an increasing quantity of melanophore sub- 
stance at small dose levels render the determinations inconsistent with very 
small doses. Therefore, it is best to begin with a dose that will produce at least 
an hour’s response. 

The procedure we used was as follows: First, an approximate estimation of 
the activity of an unknown melanophore sample was secured. For this, two 
pairs of frogs were injected with the unknown solution in two different concentra- 
tions, and watched for the intensity and the duration of response. Then, m 
order to make a quantitative determination, groups of four frogs, approximately 
of the same weight, were selected and injected with a standard and with an un- 
known solution. Four to six concentrations of a standard and two concentra- 
tions of an unknown solution, within the range of concentrations of the former, 
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Mere used. By the duration of total response, the concentration of the unknown 
solution r as calculated from the log-log straight line relation between dose and 
total response of the standard solution. A statistical study of the assay method 
Rill be made later. 

For convenience in the calculation of the activity of a melanophore prepara- 
tion, a unit of melanophore activity may be adopted. 0.5 y of the standard 
powder appears to be an appropriate quantity for the unpotentiated substance; 
it Rill give a reticulate response in 50% of hypophysectomized frogs and a dura- 
tion of response of two hours. For the same reason, 0.15 y of standard poR’der 
Rould be a suitable quantity for the potentiated substance; this Rill give atotal 
response of eight hours in frogs one Reek after hypophysectomy. 

summary 

The melanophore hormone may be completely potentiated at pH 11 after 
three minutes’ boiling or at pH 9 aftei tR'O hours. ORing to an equilibrium 
condition established betneen the unpotentiated and the potentiated substance 
at a pH loR'er than 9, potentiation does not undergo completion even after pro- 
longed boiling. 

The reaction of potentiation is of the first order, the increasing rate of potenti- 
ation is approximately doubled at every ten-degree increase of temperature. 

Destruction of the melanophore hormone occurs slouly in N/l NaOHat 
25°C., and increases rapidly with the rise of temperature or alkalinity. 

The unpotentiated and the potentiated melanophore substances arequahta- 
ti\ely and quantitatively different in their pharmacological effects as is indicated 
by the intensity and the duration of response of the melanophores. 

The intensty of the melanophore response may be used as an index for meas- 
uring the activity of a melanophore preparation. This is based upon a 
Jqgnjjtkrojc jclabno between dosage and the extent of expansion of the 
melanophores 

When the logarithms of the time of the total response are plotted against the 
logarithms of dosage, a straight line is obtained for both the unpotentiated and 
the potentiated melanophore substances. However, the slope and the intercept 
of the straight Ime for the unpotentiated substance are different from those for 
the potentiated. This linear relationship between the logarithm of dosage and 
that of the duration of response is utilized for the quantitative assay of the 
melanophore activity of the unpotentiated and the potentiated preparations. 
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Veratrine manufactured from the seeds of Veratrum Sabadilla, Aiton, or Schoen- 
ocaulon officinale, Gray, is a mixture of various alkaloids. Its chief constituents 
are cevadine, veratridine ; and cevine. Cevadine is the tigiic acid ester of cevine, 
and veratridine is the veratric acid ester of the same base. Previous studies 
made with the pure alkaloids have dealt essentially with the quantitative relation 
of the three alkaloids, while qualitative differences either have not been observed 
or have not been sufficiently emphasized. Cevadine and an amorphous alkaloid 
which was probably veratridine were first compared by Lissauer (1) in 1877, 
who found no differences between the two alkaloids. In 1899 Falk (2) adminis- 
tered cevine and cevadinq to frogs and rabbits, and the brief note referring to his 
studies suggests some qualitative difference between these two substances. 

The present investigation was undertaken to extend our knowledge of the 
action of veratridine and cevine and of the quantitative relation between their 
effects, and to ascertain the existence of qualitative differences between the two 
substances. Certain observations on veratrine are included for comparison. 
Unless otherwise indicated, all dosages mentioned throughout this paper in con- 
nection with cevine, veratrine, and veratridine refer to cevine hydrochloride -f 
211:0, veratrine hydrochloride, and veratridine base respectively. The molec- 
ular weights of cevine and cevine hydrochloride dihydrate are 509 and 581 
respectively, and that of veratridine is 673. 

The veratridine and one of the samples of cevine used in our experiments were 
isolated by Professor R. P. Linstead and Dr. D. Todd from veratrine hydro- 
chloride Merck (3). The other sample of cevine was supplied to us by Dr. 
Walter A. Jacobs. There was no difference in the biological action of the two 
samples of cevine. 

Methods. Isolated frog heart: The experiments were carried out on Sana plplens. 
The hearts were isolated according to Straub or were perfused from the venous side using 
the technique described by Bulbring (4) . The physiological salt solution had the following 
composition (Clark): NaC! 0,65%; KC1 0.014%; CaCl, 0.011%; NoHCOj 0.02%. 

Comparative toxicity in •unanesthelized mammals: White rats weighing from 300 to 350 
grams were used. The minimum lethal dose and mortality curve were determined by 
injecting each dose intraperitoneally to groups of twelve animals and plotting dose Bgainst 
percentage mortality according to the method of Behrens (5). 

1 This work was supported in part by funds at the disposal of the University Committee 
on Pharmacotherapy and in part by a grant from the Rockefeller Foundation. 

* Fellow of the Rockefeller Foundation. 
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Anesthetized and spinal eats The animals were anesthetized by the intraperitoneal 
administration of 35 to 40 mgm of nembutal per hgm body weight Respiration was 
recorded by means of a Mare} tambour connected to a tracheal cannula Spinal cats were 
prepared under either anesthesia by cutting the spinal cord at the level of the second cervi 
cal vertebra and destro}ing the brain b> a probe thrust through the foramen magnum 
Cats used to stud} the liberation of epinephrine from the adrenal glands were anesthetized 
with nembutal and given artificial respiration One eye was enucleated to facilitate the 
recording of the nictitating membrane The membrane was denervated by removing the 
corresponding superior cervical ganglion at least 12 days previous to the day of the experi- 
ment The vagi were cut to avoid vagal reflex action and the aorta and inferior vena cava 
were ligated below the renal arteries after evisceration A cannula was placed into the 
celiac artery and injections w ere made into the aorta so that the drugs reached the adrenals 
little diluted with blood Blood pressure was recorded by means of a mercury manometer 
from the abdominal aorta just above the iliac arteries 

Results 1 Experiments on the normal frog and on the isolated frog heart 
In normal frogs 0 01 mgm of v eratndinc per gram body weight injected into the 
vential lymph ^ac causes muscular and respirator; paralysis in a few minutes, 
accompanied by gasping movements and fibrillary tw ltchings of the hind legs 
This is followed by some spontaneous movements of the legs and by fits of tetanic 
convulsions of very short duration The convulsions disappear only after the 
destruction of the spinal cord Death occurs approximately one hour after the 
injection The heart stops in s} stole 

Cc\ me in a dose of 0 1 mgm per gram body w eight does not lead to convulsions 

0 5 mgm per gram body weight causes an effect similar to that previously de- 
scribed foi 0 01 mgm of veratndme with the difference that the conv ulsive effect 
which appears after a preliminary period of paralysis is more pronounced A 
dose of 1 mgm per gram body weight of cevine does not cause systolic standstill 
after 5 hours, instead aunculo ventricular block accompanied by a very slow 
heart rate occurs 

Iw the. {\Q>% Iveaxt violated according to Straub, veratrvdvwe l X IQ~® or cwiau 

1 X 10' 4 causes a decrease in heart rate with an increase in the amplitude of 
contraction Ventricular extrasy stoles and aunculo ventncular block are some 
times observed with these concentrations A concentration of 1 X 10 -8 of 
veratndme or 2 X 10 -3 of cevine causes an immediate “systolic effect ” The 
height of the sy stole increases and the relaxation of the \ entncle is not complete 
Aunculo ventricular block and extra systoles with periodic stoppages of the heart 
in 1 half sy stole” appear dunng the first few minutes of the action This is 
followed by a v ery pronounced lengthening of the v cntncular systole, winch lasts 
from 1 5 to 2 5 seconds At this stage the block does not seem to be due to an 
impairment of A V conduction alone, but also to the fact that some auncular 
contractions occur while the \ entncle is still contracted Systolic standstill is 
brought about b; a concentration of 2 X 10 5 (3 X 10 -8 M) of veratndme and 
1 X 10 " (1 7 X 10 * M) of cevmc (figmc 1) The relative activity of veratndinc 
and cevine is then fore approximate!} 1 to 500 The effects of cevine and 
veratndme on the frog heait arc rev edible by washing 

iXo qualitative diffeiences can he discovered in the action of veratndme and 
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cevine on the isolated frog heart by using the Straub technique Their effect is 
apparently analogous to that of veratrine. The action of veratrine on the frog 
heart has been studied by Seeman and Victoroff (6) and de Boer (7), and that of 
eevadine by Lissauer (1) and Boehm (8). Their qualitative findings are similar 
to ours with veratridine and cevine. 

The hypodynamic frog heart was used to ascertain the “therapeutic” potency 
of cevine, veratridine, and veratrine. In this series the hearts were perfused 
from the venous side, given a constant venous supply, and the output measured. 
A hypodynamic state was induced by perfusion with a Clark solution containing 
only 25 to 50% of the normal content of calcium. Perfusion with the drug dis- 
solved in calcium-poor Clark solution started ■when the output was reduced to 
50% or less of the initial value. Each heart preparation was treated with only 
one concentration of a single alkaloid. A representative experiment is given in 


■ ' ■ • i 

.*• i i’ 

| | 39 | 48 A 29 A 

Fig. 1. The effect of cevine on the isolated frog heart (Straub technique). At sign, 
Clark solution was replaced by cevine 1 X 10~ ! . Figures indicate heart rate per minute; A 
means auricular rate. Time in 10-second intervals. In the second half of the curve, four 
incomplete ventricle diastoles occurred. 

table 1. In this particular experiment cevine was used in a concentration 2 X 
10~h This concentration of cevine rapidly restored to nearly its normal value 
the decreased output and the stroke volume of the heart. In another experiment 
in which a concentration of 1.66 X 10 -5 was used an analogous result was ob- 
tained. A concentration of 1 X 10 -4 proved to be ineffective in two experiments. 
In these four experiments the hypodynamic state was induced with Clark solu- 
tion containing 50% of its normal content in calcium. 

The concentrations of veratridine (12 experiments) and of veratrine (7 experi- 
ments) which would restore normal output were found to be between 5 X 10 -7 
and 1 X 10~ 7 for veratridine and between 5 X 10~ 7 and 2.5 X 10 -7 for veratrine. 
Because of the variability of our results, more experiments than we were able to 
make because of the limited supply of the pure alkaloids would be necessary for 
an accurate comparison of veratridine and cevine. 

2. Comparative toxicity of veratrine, veratridine, and cevine in rats. Lethal doses 
of veratrine and veratridine produce a similar and rather characteristic picture 
of poisoning. The first signs generally appear within 10 minutes after intra- 
peritonea! administration. They consist in salivation and a peculiar jerking 
movement of the head which repeats itself at short intervals. The respiration 
becomes very slow and gasping, cyanosis appears, the heart rate becomes slow 
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and irregular, and the animal sits or lies down but occasionallv suddenly erects 
itself and stands on its hind legs for se\ eral seconds Jerking of the whole bod} 
accompanied b} small jumps is sometimes observ ed The striated muscles are 
stiff and w nlhmg mo\ ements are performed w ith great difFicultv Death usuall} 
occurs within 1| horns after injection 

Lethal poisoning b} ce\ me produces the following picture, which m some re 
spects differs essentially from that presented by \eratnne and a eratridine 
Profuse salivation and a fine continuous tremor appear watlun 5 minutes after 
administration This is followed b> \ 10 Ient jeiks and by a ven, pronounced 
increase in refle\ evcitabilit} which makes the animal jerk upon mechanical or 
auditor} stimulation The tremor and jerking are most pronounced about 30 


TABLF 1 

The action of cevtne on the hypodynamic frog heart 


TIME 

oirrpirr 

HEART RATE PER MIN 

STROEE \OLUME 

m nulls 

cc fm n 


CC 

0 

6 0 

46 

0 10S 

3 

5 0 

44 

0 113 

5 

5 2 

48 

0 108 

6 

Clark solution containing 50% of its normal content of CaClj 

S 

3 8 

4G 

0 0S2 

11 

3 3 

50 

0 0G6 

13 

2 6 

44 | 

0 0o0 

15 

2 0 

14 

0 015 

16 

Cevine2 X 10" 4 in Clark solution contaimng50%of its normal 
content of CaCIi 

18 

2 2 

44 

0 0d0 

20 

3 1 

46 

0 067 

22 

4 1 

44 

0 093 

24 

4 7 

40 

0 102 

26 

4 9 

46 

0 106 

28 

4 7 

46 

0 102 

30 

4 6 

46 

0 100 

32 

4 5 

46 

0 098 


minutes after injection Soon afterward the animal lies dowai on its belly with 
its legs and tail in extension This is followed bv occasional seizures of tonic 
clonic convulsions Death occurs within 2 to 4 hours, usuallv during an attack 
of convulsions In the animals receiving a sublcthal dose the tremor lasts for 
several hours Falk (2), in his shoit account of the action of ccune, mentioned 
its convulsive action m the rabbit 

The moitaht} cur\e of the three substances when administered bj intra 
peritoneal injection is given in figure 2 Their minimum lethal dose (L D 50) 
in milligrams per 100 grams bod} weight arc as follows ccxine 7 7, veratnne 
0 48, veratndine 0 35 The relative toxicitj of the three substances is, therefore, 
ce\ me l,\eratnne 10, andaerntndme 22 (on a molar basis, eevinc 1, 'veratndine 
25) 

3 Circulatory effects of ccimc and of t eratridine The cardi ic effects of ce\ me, 
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veratridine, and veratrine on the isolated mammalian heart have recently been 
studied by Krayer and Mendez (9) and by Moe and Krayer (10). The paper by 
Moe and Krayer is the first in which the circulatory effect of cevine is mentioned, 
but these experiments on the mammalian heart reveal only the quantitative dif- 
ferences between the activity of veratridine and cevine. 

Von Bezold and Hirt (11) discovered in 1867 that the “alkaloid” veratrine 
caused a cardiac slowing and a fall in blood pressure of a reflex nature, and this 
was confirmed by Jarisch and Richter (12) using veratrine. Jarisch and Richter 
also found that after repeated doses had been administered, and especially when 



Fig. 2. Mortality curves of veratridine (1), veratrine (11), and cevine (111) on rats 
weighing 100 to ISO grams. The lower row of numbers on the abscissa expresses mg m. per 
100 grams body weight for curve 111 (cevine). 

the vagi were blocked by cooling, an injection of a large dose of veratrine fre- 
quently resulted in an increase in blood pressure accompanied by an acceleration 
in heart rate. 

A dose of veratridine of 0.1 mgm. (figure 3B) causes an effect on the blood 
pressure and respiration of a cat under nembutal anesthesia similar to that of a 
somewhat higher dose of veratrine. It consists of a fall in blood pressure ac- 
companied by a decrease in heart rate and a sharp and transient stoppage of the 
respiration. The duration of the effect depends on the dose administered. 
In our experiments the effect of a dose of 0.1 mgm. of veratridine or of 0.2 to 
0 3 mgm. of veratrine lasted from 20 to 40 minutes. 

’The effect of cevine on the blood pressure differs essentially from that ot 
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veratrine or veratridinc. A dose of 20 to 30 mgm of ccvine (figure 3A) causes 
no other circulatory change than a small increase in blood pressure with no 
appreciable change in heart rate. Doses of this magnitude or greater, depending 
on the depth of anesthesia, are apt to produce convulsions which mask further 
possible circulatory changes. These results reveal a qualitative difference 
between ccvine and veratridinc. 

Repeated intravenous injections of veratrine or v eratridinc in a vagotomized 
cat cause an increase in blood pressure accompanied by an increase in heart 
rate The phenomenon is particularly well obtained in the spinal cat (figure 4). 
Using this preparation the increase in blood pressure is usually obtained with 
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the first dose, but m one experiment out of foui the first injection caused a 
momentary increase followed by a decicase The characteristics of the response 
suggested the possibility that it could be mediated by a liberation of epinephrine 
from the suprarenal glands and, as hguic 4 shows, the increase m blood pressure 
obtained in the spinal cat with a do^e of 0 3 mgm of veratnne is greatly reduced 
after ligation of the supraicnals. The small elevation occuiring after the 
ligation of the adrenals might well be due to the effect of the second dose of 
veiatnnc upon the striated muscles 

Further and more direct evidence of the idle of the suprarenal glands in the 
elevation of blood pressure was obtained by injecting the veratrine or veratridine 
into the celiac nrteo r of a vagotomized and eviscerated cat, using the increase 
in blood pressure and the contraction of the nictitating membrane as indicators 
of the release of epinephrine from the adrenal glands Figuie 5 shows the 
results recorded in an experiment of this type In this particular case vera- 



A 

f«i* 


B 


160 

(20 


00 

M* 


s. 


s,r> •> 


r, 


■F 


■sV- 


!02 


232 220 216 


208 


176 192 


Kill 


* t ^ l ®' J B 5« t of vcf atnnc on the blood pressure of the spinal rat. Cat weight 2.52 hem. 
li V’ 0-3 mgm. veratnne into the femoral vein. Adrenals were ligated between A 
i ' „ • mlmt>l!r f indicates heart rate per minute. Scale on left indicates arterial 

blood pressure in rnm. of mercury. Time in 30-second intervals. 




Fig. '5. Effect ol veratridine on the release of epinephrine from the adrenal glands. 
May 20, 1912. Cat weight 2.35 hgm Right superior cervical ganglion removed on May 
14 1942. Anesthesia, nembutai, 40 mgm intraperitonealjy. Vagi cut Animal eviscer- 
ated. Tracings from top to bottom arterial blood pressure (scale on right in mm of mer- 
cury); nictitating membrane. signat magnet, time tn 1 -minute intervals !, epinephrine 
hydrochloride 0 012 mgm. ; 2, eevine 5 mgm ; 3, veratridine 0 2 mgm , i, epinephrine hydro- 
chloride 0018 mgm.; 6, adrenals ligated; 6 , veratridine 0 2 mgm , 7, epinephrine hydro- 
chloride 0.018 mgm. Epinephrine hydrochloride was injected into the right jugular vein. 
Ccvine and veratridine were injected into the celiac artery Between A and B, 15 minutes 
C, continuation of B. At X the drum was arrested for 4 minutes 
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TABLE 2 


The action of cevine on a rabbit under nembutal anesthesia. January Si t 1945. Female 
rabbit. 1.9 kgm. 
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indue was used. In other experiments veratrine was injected and the same 
results were obtained. A dose of 0.2 mgm. (figure 5) of veratridine caused an 
increase m blood pressure and a contraction of the nictitating membrane ap- 
proximately equal to changes produced by 0.018 mgm. epinephrine hydrochloride 
when injected into the jugular vein. In the same experiment cevine was in- 
jected in a dose of 5 mgm. This caused an increase in blood pressure less 
pronounced and much longer lasting than that caused by veratridine and had 
no effect on the nictitating membrane. The same results were obtained in 
in another experiment in which 10 mgm. of cevine were injected. This dose 
could not be surpassed as the convulsive action of the drug interfered with 
the proper recordings. 

4. The respiratory effect of veratridine and cevine and the convulsant action of 
cevine. Veratridine has the same qualitative effect as veratrine on the respira- 
tion. In the cat a small dose of veratrine or veratridine causes a transient 
stoppage of the respiration (figure 3). Bigger doses may kill the animal by 
respiratory failure. Figure 3 also shows that in the cat a sub-convulsive dose 
of cevine causes a small and evanescent decrease in respiratory rate followed 
by a small increase. Bigger doses of cevine do not further decrease the respira- 
tory rate, but, on the contrary, increase it as a result of a stimulating central 
action that leads to convulsions. Between part A and part B of figure 3 a second 
dose of cevine (20 mgm.) was injected. This additional dose led to clonic con- 
vulsions that were abolished by an intravenous injection of 20 mgm. of nem- 
butal. This and two other experiments in cats in which anesthesia was induced 
by nembutal showed the convulsant dose of cevine to be dependent upon the 
dose of nembutal previously given or upon the depth of the general anesthesia. 

This antagonism between nembutal and cevine suggested that cevine might 
be regarded as a convulsant substance possessing analeptic properties. To test 
this assumption three experiments were made in rabbits under nembutal anes- 
thesia, and table 2 illustrates as an example the uniform results obtained. 

It is obvious from table 2 that cevine has analeptic properties but that its 
analeptic effect is not likely to he of practical value. The drug does not seem 
to exert any specific effect on the respiratory center as the increase in respira- 
tion. is not apparent until signs of convulsive activity are noticeable. The 
same is true of the improvement of postural reflexes ahd of the state of wake- 
fulness. 

Discussion. The results of the frog heart show that if the toxic activity of 
cevine is considered 1, that of veratridine is approximately 500 on a molar basis. 
Moe and ICrayer (10) found that the therapeutic potency of cevine is less than 
1/300 of that of veratridine in the isolated mammalian heart. 

As we have already pointed out, no qualitative difference between the effect 
of cevine and that of veratridine on the isolated heart could be observed. In 
view of the recent assumption by Craig and Jacobs (13) that the veratrum 
alkaloids may be derivatives of steroi and therefore more closely related to the 
cardiac aglycones than was thought heretofore, it is of interest to emphasize 
that cevine and its esters share with the cardiac glycosides and aglycones the 
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property of bringing about systolic standstill of the frog heart and the ability 
to restore the normal activity of the isolated hypodynamic frog heart and of the 
failing isolated mammalian heart. 

A distinct qualitative difference between ccvine and veratridine is shown 
in their effect on mammals. While cevine, which has a primary convulsant 
action causes an increase in respiratory rate, veratridine acts as a powerful 
respiratory depressant, causing the death of the animal by respiratory paralysis. 
The rat mortality curves show that if the toxicity of cevine in the rat on a molar 
basis is considered as 1, that of veratridine is of the order of 25. There is, 
therefore, a marked discrepancy between the relative action of cevine and 
veratridine upon the isolated mammalian heart and the relative toxicity of these 
two substances in the normal mammal. The explanation of this discrepancy 
can probably be found in the convulsant properties of cevine. Although vera- 
tridine shows convulsant activity in the frog, it cannot exhibit it in the normal 
mammal because of its powerful primary effects on the respiration and on the 
vagal control of the heart. Some antogonism between cevine and barbiturates 
results from the central stimulation by cevine, but our experiments suggest 
that the analeptic property of the drug cannot be compared with that of well 
known analeptics such as metrazol and picrotoxin. 

The action of veratridine on the blood pressure and respiration is indistin- 
guishable from that of veratrine. Marked qualitative differences, however, 
are observed if cevine is compared with veratridine. A dose of 20 mgm. of 
cevine, i.e., a dose 200 times greater than the effective dose of veratridine, 
causes no fall in blood pressure but a small rise, probably due to its nervous or 
muscular action. This suggests that cevine has comparatively little or no 
action on the reflex vagal control of the circulation. 

The release of epinephrine from the suprarenal glands is probably the cause 
of the increase in blood pressure and in heart rate produced by veratridine 
and veratrine in the spinal cat and one of the factors involved when the same 
phenomenon is observed after repeated injections in the vagotomized animal. 
According to Richter and Thoma (14) another factor might be a direct stimula- 
tion of the vasomotor center. While it is not possible to say from our experi- 
ments whether doses of cevine larger than those employed by us will have an 
action upon the suprarenals, veratridine on a molar basis is at least 70 times as 
potent as cevine in its ability to increase the liberation of epinephrine. 

The release of epinephrine from the suprarenal glands caused by veratrine 
and veratridine has not been adequately considered in the past, although 
Kusnetzow (15) showed an increase in the liberation of epinephrine from the 
isolated suprarenal gland when veratrine was injected. We have also been 
able to show that the extracts of veratrum vinde are capable of increasing the 
release of epinephrine. The observation by Wood (16), Cramer (17), Pilcher 
and Sollmann (18), and Mac Kider (19) that an increase in blood pressure 
and an acceleration of heart rate occur in vagotomized animals after repeated 
doses of extracts of veratrum iiride finds its explanation at least in part in this 
action. 
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The formation of an ester of cevine with a simple organic acid like veratric 
acid not only increases the effect of the alkaloid upon the mammalian and frog 
heart, but also imparts to it the ability to increase the depressor vagal influences 
upon the circulation, to act as a powerful respiratory depressant, and to cause, 
or at least enhance, the release of epinephrine. 

SUMMARY 

The qualitative and quantitative differences between cevine and its veratric 
acid ester, veratridine, on the isolated frog heart, on the blood pressure and 
respiration of the cat, and in unanesthetized mammals have been studied. 

Cevine and veratridine cause reversible systolic standstill of the isolated 
frog heart and, in lower concentrations, improve the activity of the frog heart 
madehypodynamic by perfusion with calcium-poor salt solution. In confirmation 
of what has been observed in the isolated and denervated mammalian heart, 
there are only quantitative differences in the heart action of the two substances. 

The primary effect of cevine in mammals is a convulsant one with no ap- 
preciable action on the circulation, while that of veratrine is a profound respira- 
tory depression and a marked circulatory action caused chiefly by vagal stimu- 
lation. 

Veratridine increases the liberation of epinephrine from the suprarenal glands. 
This constitutes at least one factor in the increase in blood pressure seen in the 
spinal animal after administration of cevine esters. 

The qualitative effects of veratridine are indistinguishable from those of 
veratrine. 

The authors wish to thank Dr. Otto Krayer for his help and criticism during 
this work. 
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A number of papers have been published concerning the effect of chronic 
selenium poisoning on growth, food consumption, reproduction, and pathology 
of several species of laboratory animals (1, 2, 3) Little is known about the 
effects of chronic selenosis on the blood constituents (except hemoglobin), par 
tially because of the limited quantity of blood which can be taken from small 
laboratory animals such as the rat, rabbit, and cat Therefore it seemed ad 
viable to study the effects of chrome selenium poisoning on the blood picture 
of larger animals Dogs were selected for this purpose as convenient sources 
of blood samples sufficiently large to be analyzed for most of the commonly de 
terrained constituents Dogs are also large enough to furnish, at autopsy, 
samples of v anous organs and tissues large enough to be analy zed for selenium 
The second part of this study was undertaken to determine the effect of ar- 
senic w hen fed to dogs recen ing a ration w hich contained selenium It had been 
.found that arsenic would prevent or counteract the effects of selenium in rats 
(4, 5, G) Later woik has shown that arsenic has the same beneficial effects 
when fed to pigs receiving a selemferous ration (7) 

Recently a report on the effect of acute selenium poisoning m dogs was made 
from this laboratory (8), but there are no reports in the literature describing 
chronic selenosis of dogs 

Experimental Thirty four dogs have been used in this work Fourteen dogs were 
used in the first part of the Btudy between September 1935 and October, 1936 primarily 
to determine the effect of a selemferous ration and twenty were used in the second phase 
of the investigation to determine the effect of arsenic m addition to a selemferous ration 
This work was conducted between March 1938 and January, 1940 The division of the 
dogs into groups and the outline of the experiment are summarized in table 1 

Feeding experiments The basic ration fed the dogs was the same for all groups (except 
group VII) and has the following composition 


Com, yellow 72 per cent 

Casein, commercial 18 

Lard 5 

ISflCl 1 

CaCO, 1 

Ca>(PO«)t 1 

Yeast (Northwestern pow dered) 1 

Cod liver oil 1 


1 Approved for publication by the Director of the South Dakota Agricultural Experiment 
Station as contribution No 168 of the Journal Series 

* A preliminary report on a portion of this work was presented at the One Hundred and 
First meeting of the American Chemical Society St Louis Mo , April 10, 1941 
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TABLE 1 


Oulltne of experiments 
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The ration was ground and mixed complete except for the yeast and cod liver oil, then heated 
in an autoclave at 15 pounds pressure for 30 minutes After the heated ration cooled, the 
jeast and cod liver oil were added and the whole remixed When young puppies were 
reared on this ration, they were given a daily supplement of 100 grams of fresh liver, as an 
additional source of the vitamins of the B complex, until they were about 90 days old This 
ration is especially w ell adapted for the study of Belemum poisoning as the large percentage 
of com allows easy control of the selenium content of the ration, when selemferous corn is 
used as the source of selenium This ration was modified by replacing the casern with 
tankage for the dogs in group VII Careful autopsies were made and samples of tissues 
were taken for selenium analyses Arsenic analyses w ere also made on some of the samples 
Six female dogs (group III) were fed the control ration plus 10 parts per million selenium 
as sodium selenite for periods of time varying from 100-150 days Tissues from these dogs 
were analyzed to study the effect of length of feeding period on selenium deposition in 
the body 

Analytical methods Blood analyses were made on samples from the dogs in all groups 
except III and VII The samples w ere collected from a femoral artery at weekly intervals 
Sodium citrate was used as an anti coagulant 

Cell counts were made by the method described by Osgood and Haskins (9) Cell volume 
(hematocrit) was determined by centrifuging 15 cc of blood in a graduated tube until no 
further packing occurred For groups I through V, hemoglobin was determined by the 
improv ed Newcomer method (10), for group VI, hemoglobin was determined by the method 
of Evelyn (11) 

Calcium was determined in all samples by precipitation as the oxalate, and titration of 
the washed precipitate dissolved in 1 N aulfunc acid with standard permanganate This is 
essentially the method described by Meyers (12) Inorganic phosphorus was determined 
by the method of Benedict and Theia as described by Osgood (10), on all the samples except 
those from group VI For grojp VI the method of Bodansky (14, 15) was used Phos 
pbatase activity was also determined by Bodansky s method (14, 15) 

Protein free filtrates were prepared by the method of Folin and Wu (16) and non protein 
nitrogen w as determined by Nesslenzation, after digestion of 2 cc of the filtrate with aulfu 
ric acid and hydrogen peroxide essentially as described by Koch and McMeekm (17) 
Chlorides w ere determined by the method described by Osgood and Haskins (9) Magne 
sium was determined by the methods of Hirschfeldcr and Series (19) and of Brjggs (18) 
Blood sugar was determined by the method of Folin (21), and by a modification of the 
method of Folm and Malmros (20) adapted to the photoelectric colorimeter 

Creatinine was determined by the modification of the method of Folm and Wu (16) 
adapted to the photoelectric colorimeter Bilirubin was determined by the method of 
Malloy and Evelyn (22) Selenium was determined by the digestion distillation method 
(2), and arsenic by the method described by Klein and Vorhes (23) 

Results Growth and food consumption The effect of selenium on the 
growth and food consumption of dogs is similar to the effect observed on rats 
(2) There is a marked restriction of food intake by dogs receiving selenium m 
the ration, the amount of restriction apparently depending on the selenium con- 
tent of the ration and the degree of poisoning pioduced m each individual case 
This restriction of food intake was especially marked in the case of dog No 3 
This dog so restricted his intake of a ration containing 20 p p m of morgamc 
selenium (sodium selenite) that he nearly starved On the fourteenth day, m 
an effort to persuade this dog to eat more, he was given control ration and an 
amount of selemum equal to that in the food consumed by dog No 2 on the 
previous day The selemum was given as a starch triturate in a capsule The 
dog continued to refuse to eat, apparently still associating the ration with the 
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sdemum. On the 35th day he was given an entirely new ration (commercial 
lJo g Ohow), and the selenium was administered in a capsule as before. For a 
few days he ate a moderately large amount of chow, then again refused to eat. 
inis dog died after only 41 days on the seleniferous ration. Dogs receiving 
only 1.0.0 p.p.m. selenium as Na 2 Se0 3 did not show such marked restriction of 
food intake. However, 10 p.p.m. of selenium was definitely toxic, as shown by 
the growth curves for group III (fig. l). 



Fig. 1. Growth Curves of Dogs in Group III (in Grams) 

Dog S, control; dogs 9 to 14, 10.0 p.p.m. inorganic selenium for varying periods. See 
table 1. 


When the dogs received the selenium as the naturally occurring form in grain, 
there was a restriction of food intake which became more severe as the degree 
of poisoning progressed. However, in such cases the dogs did not completely 
refuse to eat. until the last day or two before death. When the dogs were given 
arsenic in the drinking water in addition to the seleniferous ration, there was 
no restriction of food intake. The food consumption records for group V (tabic 
2) show the typical restriction of food intake by a dog receiving a ration with a 
low selenium content and the effect of arsenic in preventing this restriction. 

The effect of selenium on the growth of dogs is well illustrated by the records 
for groups I and II which are typical. Table 3 shows the weight of the dogs in 
group I at the beginning and end of the experiment and at the time No. 3 died 
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(41st da> of eNpenment) Dog Iso 2 reached a maximum weight of 14 45 kilo 
grams on the 69th day of experiment and then gradually lost weight until the 
end of the experiment The growth curses foi the dogs in group II aic shown 
in figure 2 


TABLE 2 


Food consumed, grams per kilogram body ueight per day 1 — Group V 


DAVS OX EWTBDIXXr 

dogvo 19 

COXTSOL RATION 

DOG NO 20 

S£ LX KITE BOOS RATION 

DOG NO 21 

SELENITESOOS RATION 
PLUS ARSENIC 

10 

71 4 

35 1 

55 4 

20 

5S 4 

42 6 

45 7 

30 

34 5 

25 3 

56 4 

45 

43 5 

IS S 

46 8 

50 

39 8 

26 0 

36 8 

GO 

37 4 

18 9 

38 1 

70 

34 9 

18 0 

34 7 

90 

30 3 

24 1 | 

32 6 

100 

29 S 

17 9 1 

26 4 

110 

2S 2 

10 3 

24 2 

130 

24 3 

14 3 

24 8 

140 

34 7 

18 C 

25 4 

155 

23 5 

16 7 

23 9 

ICO 

15 5 

19 3 

18 2 

170 

21 3 

13 1 

20 2 

180 

IS 2 

14 3 

15 0 

180 

19 8 

9 5 

29 6 

Average 

35 0 

20 2 

32 7 


TABLE 3 


H eight of dogs in Gro ip I 




INITIAL 

WEIGHT 



41 days 

final <207 days} 

1 

Control 

15 5 

kfm 

IS 0 

20 9 

2 

Selenium (corn) 

14 2 

12 5 

9 1 

3 

Selenium (Na 2 SeOj) 

14 2 

12 6 



Dogs which w ere given arsenic with either the selemfeious or the control ration 
grew normally, as shown by the growth uuves foi groups VI and VII (figs 3 

* The average total food consumption per day for each period nas calculated from the 
total amount eaten in the period and the number of days in the period The w eights of the 
dogs at the beginning of the period and at the end of the period were averaged, and this 
average w as used as the weight of the dog throughout the period ft is recognized that this 
is onl} an approximation but w hen short periods (7 to 10 d ijs) arc used it is believed that a 
basis of comparison sufficient!} accurate for the purpose is obtained 
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"f* 4) ‘ i n the for . mer Sroup, the control (No. 22) weighed 3.4 kilograms at the ' 
start of the experiment and 20.2 kilograms at the end. The corresponding 
weights for the dogs receiving arsenic plus selenium were: (No. 23) 2 7 kilograms 
and 25.1 kilograms, and (No. 24) 4.3 kilograms and 23.3 kilograms. 

The dog which received the seleniferous ration alone (No. 25) weighed 4.5 
kilograms at the beginning of the experiment and only 18.9 kilograms at the 



Fio. 2. Growth Curves of Dogs in Group II (in Grams) 

Dogs 4 and 5, control; dogs 6 and 7, 20 p.p.m. selenium (seleniferous corn). See table 1 

end of the experiment. This difference is especially noteworthy as dog No. 25 
had a much larger skeleton than any of the other dogs. On the 187th day ascites 
was obvious, and on the 200th day 1.34 kilograms of ascitic fluid were drained 
from the abdominal cavity; on the 226th day an additional 4.39 kilograms of 
fluid were removed (see fig. 3). 

Dog No. 27 weighed 3.9 kilograms at the beginning of the experiment and 
only 11.5 kilograms when she died on the 135th day, as compared with 21.2 
kilograms for the control dog (No. 22) on the same day. Dog No. 27 did, how- 
ever, weigh 15.4 kilograms at 120 days. Ascites was noted in this dog at the 
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90th day and on the 125th day 4.17 kilograms of ascitic fluid were drained from 
the abdominal cavity (see fig. 3) 

The case of dog No. 26 is especially interesting. This dog weighed 4.8 kilo- 
grams at the beginning of the experiment and only 13.5 kilograms at the end of 
135 days on the seleniferous ration, as compared with the control dog (No. 22) 
which weighed 21.2 kilograms at that time. On the 148th day 5 p.p.m. of ar- 
senic (sodium arsenite) were added to the drinking water for dog No. 26, At 
the end of the experiment (260 days), this dog weighed 2.4 kilograms more than 
the control dog. There was no e\ idence of ascites, and in this case the arsenic 



Fia. 3. Growth Ccr\es of Docs in Group VI 
Note effect of selenium on growth of dog3 25 and 27, and the effect of eelcmum + arsenic 
on dogs 23, 24 and 26 See table 1, 

apparently effected a satisfactory recover}' from a rather severe case of chronic 
selenium poisoning (dog No. 26, fig. 3). In experiments on selenium-arsenic 
antagonism in rats (6), the arsenic was of little value in treating rats which had 
been fed selenium for more than 30 days at the time the arsenic treatment started, 
but was effective for rats which had been fed selenium for not more than 20 days 
at the beginning of the arsenic treatment. 

Since arsenic is a poisonous element, it seemed desirable to feed it with a sele- 
nium-free ration at a level of 5 p p.m. in the drinking water to observe its effects 
in the absence of selenvum. Two dogs (No. 33 and No. 34) in group VII weie 
fed arsenic at this level and no adverse effect on growth (fig. 4) or appearance of 
these dogs was noted. This is in agreement with the observation of Calvery, 
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Laug, and Morris (24) that dogs fed a ration containing relatively high levels of 
arsenic as the trioxide were comparable to the controls. 

The dogs in group VII which received the seleniferous ration plus arsenic 
grew satisfactorily (No. 31 and 32), while those fed the seleniferous ration with- 
out arsenic (No. 29 and No. 30) grew poorly. Ascites was very severe in both 



Fig. 4. Growth Curves or Dogs in Group VII 
Note effect of selenium on dogs 29 and 30, of selenium + arsenic on dogs 31 and 32, and 
of arsenic on 33 and 34. Dog 28 was the control. See table I. 

dogs which were fed the seleniferous ration without arsenic. The amounts of 
ascitic fluid removed at autopsy are shown in figure 4. 

One dog (group VI, No. 24) was fed selenium plus arsenic for 22 months. This 
dog remained in excellent health and at autopsy, after being sacrificed, showed 
no harmful effects. In contrast, one of her litter-mates (No. 27) fed selenium 
without arsenic died on the 135th day of the experiment (fig. 3). 
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Much individual variation in susceptibility to poisoning by selenium was 
noted Young dogs were much more susceptible than older dogs These ob- 
servations have been noted with othci species (25) 

Condition op the dogs vnd ll&ions notld at autopsv In all the groups 
studied the control dogs showed no abnormalities at autopsy Seveial typical 
effects of selenium intoxication were apparent in the dogs which were fed only 
the selemferous xations The dogs fed the selemferous rations plus arsenic re- 
sembled the controls From the records of nil the dogs the typical external 
appearance and autopsy findings may be summarized as follows 
Chronic selenium poisoning Due to reduced food intake the animals became 
marhcdly r emaciated, their hair coarse and loose Frequently the abdomen filled 
with ascitic fluid with or without an accompanying edema of the feet Walking 
was often difficult or painful When the nervous system was severely affected 
the dog’s response to commands or noises was very slow, the eyes became dull 
and lifeless in appearance Some of the typical symptoms of “blind staggers” 
(26) were exhibited In such instances the dogs walked blindly and often stum 
bled ov er objects in their path 

There was vciy little abdominal oi peritoneal fat (The viscera were very 
pale in color due to the severe anemia ) The kidneys were usually not visibly 
affected, but the adrenals were atrophied Ihe spleen was enlarged and had 
localized hemorrhagic areas The ov ancs oi testes vv ere v cry poorly developed 
In nearly all cases of selenium poisoning the liver was atrophied (especially 
the central lobe), necrotic, cirrhotic (nodulai), and highly pigmented in localized 
aicas This condition is shown by the hv ers of Nos 6 and 7 (fig 5) and also the 
portion of liver shown in figure 0, dog No 29 

Histological examination 4 of some of the t\qical livers revealed moderate 
fatty degcneiation, and nodulai cirrhosis with an excess of interstitial connective 
tissue and periportal hemorrhages Obstruction of the bile duct was evident 
in severe cases and the bile vaned from noimal color and viscosity to deeply 
yellow green and very viscous 

Small, localized hemorrhages vveie present in the intestines of some of these 
dogs In the others the stomach and intestines appeared to be normal The 
appearance of the heart varied from noimal to soft and flabby (“dish rag”) (26) 
Ascites developed in most of the dogs iecei\ ing selenium This condition was 
always accompanied by a dilatation of blood vessels in the kidney legion as 
show n in figures 6 and 7 1 he specific cause of this dilatation is not now know n 

The ascites appeal to be associated w ith some decrease in plasma protein 
Selemferous ration plus arsenic The external nppcaiance of all of the dogs 
fed aisemc in addition to the selemferous ration was normal in all respects and 
they were more alert and active than the contiol dogs The hair was soft and 
glossy Upon autopsy the abdomen was covered with a thick layei of subcu 
taneous fat and there w as an abundance of peritoneal fat 
There weie no gioss lesions The liver was normal in size, smooth, and clear 

* All histological examinations were made bj Dr J L Taylor F xperimcnt Station Vet 
ennary Pathologist 
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Histological examination revealed slight fatty degene.ation, but no excess of 
interstitial connective tissue 01 other evidence of cinhosis. Theievas howevei 
an abundance of dark coloied intracellulai deposits in the liveis. 'The gall 
bladder was noimal. The ovaiies or testes weie well developed 
Selenium-free ration plus arsenic. These dogs ueie noimal in all icspects and 
showed the same d.stiibution of fat as the dogs fed aisenic in addition to the 
seleniferous lation. 



7 * 

Fig 5 Livers fhou Dogs in Ghoi p II 

(Nos correspond to dog Nos ) Note cirrhosis, and pigmentation of livers from sclcmzcd 
dogs (6 and 7 ) See tabic 1. 

Effect of selenium on the iilood picture The latge amount of data col- 
lected from the analyses of blood samples from the dogs show that chronic sele- 
nium poisoning has little or no effect on the commonly detei mined constituents, 
except hemoglobin and possibly non-protein nitiogen and phosphatase activity 

The depression of the hemoglobin level in lats fed selenium over a peiiod of 
time has been leported (27) That the same effect occurs in dogs is shown by 
the data from group VI, dogs Nos 25 and 27 (fig 8) In the same group the 
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data from dogs Nos 23 and 24 show the effect of arsenic administiation m mam 
taming hemoglobin near the normal le\ el The data from dog No 26 (fig 8) 
indicate that arsenic can bring about partial recover} from the anemia caused 
b\ chronic selenium poisoning 
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than to decreased hemoglobin content of the cells w hich ai e foi med. A tendency 
foi loner non-protein nitrogen values in the dogs fed selenifeions rations was 
noted in all gioups Although the differences aie not great, they are consistent 
and aie probably associated with the voluntary restiiction of food consumption. 



Fig 8 Hemoglobin Le\ei/5 of Dogs in Group VI 
Note effect of arsenic in maintaining hemoglobin level of dogs 23 and 24, and recovery of 
dog 26 after administration of arsenic from the HSth day 


* TABLE 4 

Phosphatase activity of plasma— Group VI 



In general, the values for creatinine paralleled the values for total non-protein 
nitrogen in the blood. 

The data obtained on blood phosphatase activity aie limited (table 4) Hon - 
ever, the veiy maiked difference between the conti ol (No 22) and the selenium- 
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arsenic dogs (Nos 23, 24, 26) and the dog receiving selenium alone (No. 25) is 
striking. It has been reported that phosphatase activity is high in some cases 
of hepatic cirrhosis (2S). The action of arsenic in preventing (in dog No 26) 
the rise in phosphatase exhibited by dog No. 25, when the selenium content of 
the ration w as increased on the 237th day of the experiment, is noteworthy. 

The data indicate that the rest of the blood picture is not markedly affected 
by seleniferous rations No effort was made to control the eating habits of the 
dogs, and week to week variations in the blood sugar, calcium, phosphorus, and 
magnesium would make it impossible to observe any slight changes in levels of 
these constituents due to the ration. 

Generally a decrease in calcium, phosphorus, and magnesium of the blood was 
observed to occur as the dogs reached maturity. 

In acute selenium poisoning (8) a marked rise in hemoglobin was noted. This 
is in contrast to our findings m chronic selenosis. Other effects on the blood 
picture were likewise more marked in acute poisoning. 

Distribution of selenium and arsenic in the tissues. The analyses of 
various body tissues for selenium (table 5) show that w hile the liver and kidney 
usually contain the greatest amounts of selenium, all the organs of the body re- 
tain some In general, the liver and kidneys from the dogs of group 2, which 
were given 10 p.pm. selenium as NajSeOs, contained more selenium than the 
same organs from dogs fed an equal amount of selenium as seleniferous grain. 

It is interesting to note that the brains from dogs Nos. 6 and 26 contained 10 
p p.m. of selenium, much more than the brains from any of the others. These 
two dogs showed the greatest effect of poisoning on the nervous system. 

There is no apparent relationship between the selenium content of the tissues 
and the length of time the dogs w*ere fed the seleniferous rations. Neither is 
there any consistent reduction in selenium content of the tissues of the dogs fed 
arsenic along with selenium It is interesting to note that Fairhall and Miller 
(29) observed a marked reduction in the deposition of lead in body tissues in the 
presence of arsenic as compared with the amount of lead deposited in the absence 
of arsenic. 

The arsenic content of the tissues of the dogs of group VII is shown in table G. 
Arsenic, like selenium, finds its way into all tissues, and there are no consistent 
differences in concentration in the various organs This is in accord with the 
findings of Harkins and Swam (30) in their investigation of chronic arsenical 
poisoning of livestock. Much individual variation in deposition of both selenium 
and arsenic was noted 

In our investigations, dogs have exhibited many of the symptoms of selenium 
poisoning previously described for farm animals more markedly than other ani- 
mals that ha\ e been used in laboratory experiments. Severe nervous effects, with 
symptoms resembling "blind staggers” were observed in two of the dogs. The 
appearance of the more severely affected dogs strongly resembled that of cattle, 
horses, and pigs that are lame, thin, and have lost hair due to chronic selenosis. 
The effects of arsenic m preventing and counteracting selenium poisoning in the 
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TABLE 5 

Selenium in body tissues ( mgm . per hgm. dry u>t.) 
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• Less than 0.005 mgm. selenium in sample. Sample v. eights varied from 5 0 to 10.0 grams. 


TABLE 6 


Arsenic content of tissues from dogs in Group VII 
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dog appear to be the same as those observed for other animals (6, 7). It would 
seem from these observations that dogs are especially well suited for use in 
further detailed studies of selenium poisoning. 

SUMMARY 

A study of chronic selenium poisoning in dogs has been made using a basic 
ration high in grain. As little as 7.2 parts per million of selenium in the ration 
in the natural form and 10 parts per million as added sodium selenite were toxic 
as shown by sub-normal growth and restricted food intake. 

Twenty parts per million of selenium aB added sodium selenite induced refusal 
of food and death in a very short time; and in the natural form this amount of 
selenium produced severe nervous disorders. 

The pathological symptoms of chronic selenium poisoning are described. The 
liver and spleen were the organs most severely affected. Severe ascites occurred 
in many cases. This was accompanied by extreme dilatation of blood vessels 
in the abdominal cavity. 

Arsenic in the form of sodium arsenite added to the drinking water at the rate 
of 5 parts per million of the water was effective in counteracting or preventing 
the symptoms of chronic selenium poisoning, when the ration contained as much 
as 13 parts per million of selenium in the natural form. This amount of arsenic, 
when fed in addition to the control ration, produced no symptoms of poisoning, 
but was conducive to the deposition of subcutaneous and abdominal fat. 

Both selenium and arsenic were found in all tissues of the body examined. 
The liver, kidney, and spleen contained the most selenium. There was no re- 
lationship between the length of time selenium was fed and the amount found 
in the various tissues. Individual variation was marked. 

Chronic selenium poisoning has little effect on the commonly determined blood 
constituents except hemoglobin, and possibly phosphatase activity. The hemo- 
globin is markedly reduced depending on the severity of the poisoning in each 
individual case. Arsenic prevented the anemia caused by selenium poisoning. 
Phosphatase activity is increased in selenium poisoning. Non-protein nitrogen, 
in general, is lower in chronic selenium poisoning than in the controls, but not 
markedly so. 
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DIHYDROXYPROPYL BISMUTHATE: EXPERIMENTAL STUDIES OF 
A NEW BISMUTH COMPOUND 1 
LARRY M. WHEELER 
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The value of bismuth compounds as therapeutic agents has been established. 
Originally, their chief medicinal use was confined to their local actions. With 
the recognition of the value of bismuth in the treatment of syphilis, a large num- 
ber of compounds, both soluble and insoluble, have been introduced for systemic 
medication. This trend has brought about the development of organic prep- 
arations which owe their efficacy to their bismuth content. Since most of these 
compounds are insoluble, or readily become insoluble when administered orally, 
they are administered by intramuscular injection. The purpose of this report 
is to desenbe a soluble organic compound of bismuth which is suitable for oral 
administration by virtue of appreciable systemic absorption. A review of the 
literature reveals that workers in this field have suggested several characteristics 
desirable in a bismuth compound to be used in oral medication, namely, that it 
be a pentavalent, electronegative bismuth combination, it should form aqueous 
solutions that are neutral or capable of being buffered, and be reasonably stable 
in the fluids of the body (1, 2, 3, 4, 5, 6). A compound fulfilling these essential 
characteristics, dihydroxypropyl bismuthate 2 has been prepared by the carefully 
controlled esterification of glycerin and sodium bismuthate. The reaction takes 
place as follows: 

C s H»(OH) s + NaBiOj -> C,H s ( 0 H) 2 Bi 05 + NaOH 

The reaction mixture is neutralized with citnc acid and the dihydroxypropyl 
bismuthate is isolated and purified by reprecipitation in ethyl alcohol. This 
preparation is very soluble in w ater, stable in mild acidity and alkalinity, and 
compatible with body fluids It contains 62 80% of metallic bismuth 

Pharmacological studies Stability of Dihydroxypropyl Bismuthate in 
Gastric Juice. While dihydroxypropyl bismuthate is stable in mild acidity it is 
unstable in the presence of approximately 2% of a mineral acid It was deemed 
advisable to determine in vitro the behavior of dihydroxypropyl bismuthate in 
gastnc juice The juice used Mas obtained from dogs with Pavlov pouches and 
collected after stimulation of the gastnc secretion by intramuscular injection of 
histamine. The juice was almost water clear, having had all particles removed 
by filtration When drawn, the pH of the juice was 1 1, but after being mixed 
with the bismuth solution, the pH rose to 2.8, as determined by the glass electrode 
potentiometer. 

1 Presented in partial fulfillment of the requirements of the Graduate College of the 
State University of Iowa for the Ph D Degree, April, 1943 

* The preparation and chemical properties are described in a Master’s thesis submitted 
to the Graduate College, State University of Iowa, June, 1941 
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In order to determine the amount of precipitation of bismuth over increasing 
lengths of time, six tared centrifuge tubes were arranged so that each contained 
6 cc. of gastric juice and 150 mgm. of dihydroxypropyl bismuthate. After 
periods of time varying from 30 minutes to 24 hours, the tubes were centrifuged 
to settle any bismuth rendered insoluble, decanted and the precipitate washed 
once with water. After drying at 100° C., the tubes were reweighed and the 
increase considered to be bismuth oxychloride. 

As can be seen in table 1, dihydroxypropyl bismuthate is almost completely 
stable in gastric juice at a pH of 2.8. The period of experimentation indicates 
stability in the gastric juice much longer than the normal sojourn in the stomach. 
Hence the molecule should remain intact and be water soluble as it reaches the 
intestine. The duration of solubility in the intestines will probably vary with 
the rate of sulfide formation. 

Toxicity Determinations. Intramuscular: The rate of absorption from an in- 
tramuscular injection is largely determined by the physical and chemical proper- 

TABLE 1 


Stability of dihydroxypropyl bismulhate in gastric juice 


TWZ 

wr. or precipitate 

j % total Brstfimr precipitated 

hours 

mgm. 


i 

3.7 

1 1.97 

l 

4.0 

2.10 

4 

5.5 

2.90 

8 

6.3 

3.36 

12 

7.1 

3.79 

24 

7.5 

4.00 


ties of any bismuth preparation (4). Hence a stable, water soluble bismuth 
compound would show both the highest rate of absorption and toxicity. Since 
dihydroxypropyl bismuthate is soluble both in water and in glycols miscible with 
water, these vehicles present desirable solvents for intramuscular administration. 

In an effort to determine the maximum tolerated dose by intramuscular in- 
jection, 73 rats were given series of doses intended to exceed the average minimum 
lethal dose. Two parallel series were arranged to compare the minimum lethal 
intramuscular dose using an aqueous solution and a solvent prepared from equal 
parts of water and propylene glycol. Fifty-seven of the above rats weighing 
from 150 to 250 grams received intramuscular injections of an aqueous solution 
of dihydroxypropyl bismuthate. This experimental solution contained 3% 
trisodium citrate which raised the pH from 6.9 to 7.2. Doses ranged from 12 to 
50 mgm. of bismuth per kgm. Twenty-nine rats receiving 30 mgm. or less per 
kgm. all survived; of 4 rats receiving 32 mgm. per kgm., 1 died; and all rats re- 
ceiving 34 mgm. or over died. Deaths occurred in 2 to 4 days after injection. 
IVith this limited series of animals, the minimum lethal dose was established at 
about 32 mgm. bismuth per kgm. 

A second series of 16 rats of about the same size were injected intramuscularly 
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with increasing doses of dihydroxypropyl bismuthate in equal parts of water and 
propylene glycol. This solution also contained 3% trisodium citrate. Twelve 
rata receiving 10 to 35 mgm. per kgm., all survived; of 2 rats receiving 40 mgm., 
one died; and both rats receiving 45 mgm. died. Propylene glycol definitely 
slows absorption, as evidenced by increase in the minimum lethal dose as com- 
pared to the aqueous solution. The lethal effects in both series appeared ap- 
proximately 72 hours following the injection. 

Oral : In an attempt to establish a toxic oral dose of dihydroxypropyl bis- 
muthate, 35 rats and 11 rabbits were used. Systematically arranged doses were 
administered by stomach tube. The aqueous solution contained 3% trisodium 
citrate. The rats were given doses ranging from 300 to 1,250 mgm. of bismuth 
per kgm. The increment in dosage was 25 mgm. per kgm.; dosages above 1,250 
mgm. per kgm. were not employed. All rats survived without showing any 
symptoms of toxicity. 

Using a solution of the same composition as employed for rats, 9 white rabbits 
were administered oral doses ranging at 100 mgm. increments from 300 to 1,400 
mgm. of bismuth per kgm. All animals in the series receiving dosages of 1,000 
mgm. bismuth per kgm. or more, died, and the survival time varied inversely 
with the dosage. 

Intravenous. Twenty-two rats were given dosages ranging from 5 to 15 mgm, 
of bismuth per kgm. Injections were made into the saphenous vein without 
undue difficulty. All the rats receiving 7 mgm. or less per kgm. survived, of two 
rats receiving 8 mgm , one died. All dosages above this amount were fatal. 
The deaths occurred from 1 to 7 days after the injection, with the survival time 
varying inversely with the dosage. The L D. so for intravenous injections in 
rats was established at 8 mgm 

Of 5 white rabbits, two received the compound in dosage of 5, two 10, and one 
20 mgm. bismuth per kgm injected into the marginal ear vein. Since all died 
except one receiving 5 mgm., rabbits appear to be less resistant than rats to the 
intravenous administration of dihydroxypropyl bismuthate Deaths occurred 
from 2 to 7 days after administration, the time of survival varying inversely in 
proportion to dosage 

Twenty-four hours after the injection of the rabbit receiving 20 mgm. bismuth 
per kgm., a blood sample was drawn and analyzed The blood contained 1.0 
mgm per cent bismuth which is a remarkably high concentration. The time 
elapsing between injection and death is very suggestive of kidney damage and 
inability to eliminate bismuth may account for the high blood level in the 
analysis cited. 

Method of Determining bismuth in biological material. In general, the method 
described by Leonard (7) and modified by Weigand (8) wa9 adapted to both milligram and 
microgram sensitivities The color was determined by using a Fisher electro-photometer, 
by means of which differences of less than one microgram can be detected Standard 
calibration curves m terms of percentage absorption were prepared using electrolytic 
bismuth metal dissolved m nitric acid. 

Urtne A suitable, acidified aliquot was concentrated by boiling and oxidized w ith potas- 
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aium permanganate. Oxalic acid and filtration were employed to clarify the sample before 
developing the colored bismuth complex. 

Feces, Blood and Organs: These fractions were dried and ignited below 500°C. in a muffle 
furnace. The inorganic residue was then dissolved in sulfuric acid and the bismuth color 
developed. 

Carcass: Ignited as the feces, the carcass residue must be first taken into complete 
solution in hydrochloric acid from which the bismuth is precipitated ns the Bulfide. This 
precipitate is then dissolved in sulfuric acid and the color developed. 

Brain and Spinal Fluid: These substances are wet ashed by the Ncwmnnn method and 
the potassium iodobismuthite measured coloriroetrically. 

Using the described oxidation methods on the various tissues and fluids with known 
amounts of bismuth added, the following recoveries were obtained (table 2). 

TABLE 2 


Recovery of known amounts of bismuth from various biological materials 


SmtSTAXCE 

BLANK DEr'N 

m. ADDED 

VI. RECOVERED 

AV. ERROR 


fnsrrts 

trtgrrt. 

trt{tn. 

% 



1.0 

1.01 


Urine 

0.02 

5.0 

4.93 

1.5 



10.0 

9.96 




1.0 

0.92 


Feces 

0.03 

5.0 

4.90 

3.0 



10.0 | 

9.88 




2.0 

1.91 


Carcass 

0.12 

10.0 

9. SO 

3.2 



25.0 

24.20 




0.0025 

0.0027 


Blood 

0.0004 

0.0100 

0.0102 

1.6 



0.0500 

0.0492 




0.0025 

0.0026 


Brain and spinal fluid 

0.0004 

0.0100 

0 0100 

2.2 



0.0500 

0.0496 | 



Urinary and fecal elimination of bismuth following administration of 
dihydroxypropyl BisMUTHATE. For excretion studies, albino rats were placed 
in metabolism cages over funnels arranged to collect urine and feces separately. 
The feces were retained more or less uniformly dispersed upon a lacquered copper 
platform resting near the top of the funnel. This platform was perforated and 
paraffined to allow the urine to pass freely into the receiving graduate. Keeping 
the feces dispersed prevented contamination of the urine. A second fine screen 
was placed in the apex of the funnel to prevent contamination of the urine by fine 
fragments passing through the upper copper plate. Contamination from food 
was minimized by mixing ground “Friskies” with lard to form a coherent paste. 

Oral Administration: Four rats each were used to follow bismuth excretion 
from a single oral and from chronic oral administration. Single doses were in- 
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tended to gi\e an indication of the relative duration of the urinary and fecal 
elimination of bismuth The chronic dosage was used to determine what level 
of excretion of bismuth occurs in the urine from continued administration Four 
rats were used to demonstrate that bismuth was present m the unne several days 
after a single oral dose of 50 mgm of bismuth in the form of dihydroxypropyl 
bismuthate A large percentage of the bismuth was found m the feces at the 
end of the first 24 hours, but thereafter the fecal elimination was \ ery small It 
is demonstrated that the bulk of the administered bismuth, some of which was 

TABLE 3 


Excretion of bismuth from a single oral dose 



SAT NO 1 

SAT NO 2 

SAT NO 3 

SAT NO 4 


Ur oe 

Feces 

Urne 

Feces 

Ur ne 

Feces 

Ur ne 

Feces 


mjm 

mgm 

mgm 

mgm 

mgm 

mgm 

mgm 

mgm 

1 

0 4 

40 8 

0 6 

41 3 

0 5 

40 5 

0 6 

42 0 

2 

0 7 

5 3 

0 8 

3 S 

0 5 

4 2 

0 5 

3 S 

3 

0 75 

0 6 

0 9 

0 4 

0 4 

0 8 

0 4 

1 1 

4 

0 G 

0 1 

0 S 

Trice 

0 6 

0 2 

0 3 

0 s 

5 

0 3 

In one 

0 3 

None 

0 2 

Trace 

0 1 

0 3 


TABLE 4 


Urinary bismuth excretion following continuous oral administration 
Mgm bismuth excreted daily 


DAIS 

SAT NO 1 

SAT NO 2 

SAT NO 3 

SAT NO 4 

1 

1 0 

1 2 

0 5 

0 5 

3 

1 3 

1 2 

0 8 

0 6 

5 

0 G 

0 S 

0 9 

0 9 

7 

1 1 

0 9 

1 3 

1 2 

9 

0 8 

0 7 

1 2 

1 3 

11 

0 9 

1 1 

1 4 

1 5 

13 

1 3 

1 5 

1 2 

I 25 

15 

1 0 

1 2 

1 3 

1 35 

17 

0 8 

1 1 

1 35 

1 25 

19 

1 1 

1 3 

1 1 

1 5 


} et soluble, left the bodj unabsorbed Urinarj excretion of bismuth w as deter 
mined at 48 hour interval!, during the daily oial administration of 50 mgm of 
dihy droxj propyl bismuthate per rat 

/Vs would be expected, the continued oial administration resulted in the con 
tmued unnary elimination of bismuth The lange of absorption, based upon 
unnary excretion was approximately 2% as dcmonstiated when four rats were 
employed As indicated by table 4 the bulk of the biamuth was eliminated m 
the feces which were black as a result of the formation of bismuth sulfide 

Intramuscular Administration Four rats were u^ed to determine the bismuth 
excretion following continued intramuscular adnumstiation of chhydroxypropyl 
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bismuthate. At 3 day intervals each of four rats received 15 mgm. of bismuth 
per kgm. by intramuscular injection. All rats appeared to remain normal in 
every respect.. No irritation nor discomfort was observed following the injec- 
- tl0ns • The injections were continued at 3 day intervals for 24 days. The urine 
was analyzed in 72 hour specimens but the feces were omitted. As can be seen 
from table 5, dihydroxypropyl bismuthate is readily mobilized from the site o' 
injection. Nearly 20% is execreted within 3 days following the injection com 
pared to the 12 days necessary to mobilize approximately the same percentagi 
of other compounds (9). 


TABLE 5 


Urinary excretion bismuth following chronic intramuscular injections 
hfgm. bismuth excreted daily 


DAYS 

BAT NO. 1 

SAT NO. 2 

SAT SO. 3 

BAT NO. 4 

3 

l.l 

1.25 

0.5 

0.65 

6 

1.35 

1.32 

0.65 

0.7 

9 

1.4 

1.35 

0.78 

0.65 

12 

1.4 

1.36 

0.82 

0.7 8 

15 

1.5 

1.5 

0.86 

0.81 

18 

1.8 

1.67 

0.92 

0.86 

21 

2.0 

1.82 

0.8S 

0.78 

24 

1.3 

1.85 

1.10 

0.82 


TABLE 6 

Total recovery from a single oral administration of bismuth 


BAT NO. 

SOUSS BETORE 

DOSE 


UCH. BISMUTH RECOVERED 



Urine 

Feces 

G.I. Tract ' 

| Carcass j 

Total 

l 

24 

roim, Bi. 

55 

! 1.8 

48.4 

1 4.0 

0.28 

i 54.48 

2 

; 48 

48 

2.4 

39.3 

3.65 

0.7 

46.05 

3 

72 

48 

2.5 

43.6 

0.3 

0.7 

47.20 


Fate of a Single Oral Adminislralion of Dihydroxypropyl Bismuthate. Three 
rats were sacrificed for this purpose. They were killed after 24, 48, and 72 hours 
respectively, following the bismuth administration. All urine and feces were 
collected separately. The rats were eviscerated and the urine, feces, gastro- 
intestinal tract with contents, and carcass were analyzed separately. By 
analyzing such fractions both the fate of a single oral dose and the relative rate 
and amount of gastric absorption can be determined, as all the bismuth ad- 
ministered should be recovered. That practically complete recovery is possible 
is demonstrated within narrow limits of experimental error as seen in table 6. 

From these results it becomes evident that accumulation of toxic amounts of 
bismuth in vital organs is unlikely, and that damage should not exist even though 
the subject is absorbing and excreting significant amounts of bismuth daily. 
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This advantage can clearly be established over the accumulation of bismuth from 
intramuscular injection, both at the depot of injection and throughout the body 
(9, 10). 

Bismuth in Brain Tissue of Rais Following Oral Administration of Dihydroxy - 
'propyl Bismuthale. Seventeen adult, male rats were given by stomach tube a 
solution of dihydroxypropyl bismuthate containing 3% trisodium citrate. Two 
daily doses of 50 mgm. bismuth each were given for G days. On the seventh day 
the rats were beheaded, the brains removed, washed and rapidly weighed. Sub- 
sequent analysis revealed unusually high concentrations of bismuth as seen in 
table 7. 


TABLE 7 


Bismuth content of fcrom tissue following oral administration 


M AT WO 

1 TOTAL DOSS OF 

| BISMUTH 

BRAIN WT WET 

BISMUTH PER BRASH 

BISMUTH 


mfm 

trams j 

n>im 

rnim % 

1 

600 

2.05 

0 0335 

1.625 

2 

GOO 

2 10 : 

0 0360 , 

1.715 

3 

GOO 

2 30 

0 0465 

2 020 

4 

GOO 

2 45 

0 0280 

1 144 

5 

coo 

2 55 

0.0310 

1 215 

0 

600 

2.15 I 

0 0550 I 

2 55S 

7 

600 

2 35 | 

0 0520 

2.212 

8 

600 

2 15 

0 02S0 

1 320 

9 

600 

2 45 1 

0 02SO : 

1.143 

10 

600 

2 20 

0 0250 | 

1 136 

11 

600 

2 35 

0 0220 

1 004 

12 

600 

2 30 

0 0200 

0 86S 

13 

600 

2 32 

0 0200 

0 S6G 

14 

600 

2.2S 

0 0180 

0 789 

15 

600 

2 25 

0 0160 

0 710 

16 

500 

2 25 

0 0180 

0 79S 

17 

500 

2 30 

0 0180 

0 795 


Since the oral toxicity of dihydroxypropyl bismuthate in rats is so very low, 
this dosage was chosen completely independent of body weight. It should be 
kept in mind that according to the previous determination of gastrointestinal 
absorption estimated from urinary excretion, approximately 2% of the adminis- 
tered bismuth is absorbed. Therefore the total amount of bismuth to enter 
the circulation hardly could have exceeded 10 to 15 mgm 
Distribution of Bismuth From Chronic Oral Administration of Dihydroxypropyl 
Bismuthate. An adult, female terrier weighing 6.1 kgm. was given 10 mgm. of 
bismuth per kgm by stomach tube once daily in the form of dihydroxypropyl 
bismuthate. At the end of 8 weeks, the dog was saciificed and the bismuth 
content was determined in the liver, kidney, brain, spinal cord, blood and cerebral 
spinal fluid One kidney was sectioned and examined histologically for patho- 
logical changes. The urinary level of bismuth ranged from 2 5 to 4.5 mgm. daily, 
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estimated by intermittent analysis during the ingestion period. Fecal deter- 
minations were not done. 

A gross examination at the time of sacrifice revealed no bismuth gum line nor 
other visible effects of the medication. The animal retained a fine appetite and 
gained weight during the 8 weeks. The histological examination of the kidney 
was done by a member of the Pathology' Department who reported the tissue as 
essentially normal. This point is of major importance when it is considered that 


TABLE 8 

Distribution of bismuth following oral administration of dihydroxypropyl bismuthate to o dog 


TISSUE 

TOTAL WEIGHT 

AMT TISSUE 
ANAL 

35 J. PM OX GAN 

MCH. % 


trams 

jrams or cc 

Irtjffl 


Brain 

64 S 

64 5 

0.200 

0.402 

Sp. cord 


9 0 


0.1S9 

Sp. fluid 


2 1 


0.380 

Blood 


20 0 


0 400 

Liver 

175 0 

15 0 

1.165 

0 6S8 

Kidneys 

29.2 

' 

14 6 

1 000 

3.420 


TABLE 9 


Recovery of nnn ary bismuth in university students following a single oral ingestion 


SUBJECT 

DOSE 

URINARY VOt 

URINARY Bl 

% BI. EXCRETED 

l-H hi. 

24—48 hr 

1-24 hr 

24-48 hr 

1-24 hr. 

t— 48 far 

J. B. 

ttigm Bt 

50 

CC 

750 

cc 

2,100 

mgm 

9 0 

TflJM 

2 2 

18 0 

22 4 

E. C. 

75 

940 

780 

17 8 

16 | 

23.8 

25.9 

R. D. 

75 

1,600 

800 

19 2 

1 6 ] 

25.5 

27.8 

D. F. 

75 

1,400 

1,680 

25 1 

1 1 

33 5 

35.0 

R. H. 

75 

845 

1,330 

5 6 


7 5 

8 0 

J. H. 

100 

1,070 

1,380 

8 7 


8 7 

8 9 

C. H. 

100 

670 

670 

5 6 


5.6 

6.3 

G. J. 

100 

750 

1,240 

3 0 


3 0 

i 13 1 

D. K. 

100 

980 

1,260 

13 5 

0 2 

13 5 

! 13 7 

G, M. 

100 

1,550 

1,180 

19 4 

0 3 

19 4 

19.7 

L. W. 

100 


960 

7 5 

2 2 

7.5 

9.7 


the kidney is the first organ to be damaged by all bismuth preparations. The 
bismuth content of the organs and fluids analyzed are shown in table 8. 

Human Excretion of Dihydroxy propyl Bismuthate. Twelve normally active 
university students were selected as subjects to be given oral doses of dihydroxy- 
propyl bismuthate. Total doses of 50, 75 and 100 mgm. bismuth were adminis- 
tered in a solution containing 3% trisodium citrate and the complete 24 hour 
urine output was collected for two days. No attempt was made to control food 
or water intake. It will be noted that an average of nearly 15% of the adminis- 
tered bismuth was excreted in the urine. The absorption indicated by such a 
high excretion is far in excess of any obtained by oral administration in animals. 
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Daily oral doses were administered to a hospitalized patient, age 21, for ap 
proumately C weeks The medication was giv cn m capsule form m doses of 50 
mgm bismuth once daily The bulk of the capsule contents was comprised of 
tnsodium citrate Excretion under these conditions av eragcd 3 75 mgm bis 
muth daily, or approximately 7 5% of the total amount administered The 
bismuth elimination was accompanied by an increased urine flow, but there was 
no evidence of an untoward effect There is no explanation at the present time 
for the difference m the percentage eliminated in the normal active and in the bed 
rest subjects 

Discussion The chemical composition of dihy droxy propyl bismuthate gov 
erns its phy siological activity in three w ay s The presence of 2 hydroxyl groups 
permits complete aqueous and tissue solubihtv The electronegative, penta 
valent form of bismuth insures compatibility with serum proteins as compared 
to the free metallic ion The weak polarity of such a combination permits 
stability in a wade pH range 

Since gastnc juice is one of the barriers presented to soluble bismuth com 
pounds when administered orally , t n vitro studies were employed to demonstrate 
that dihydroxypropy 1 bismuthate is capable of remaining in a soluble form for 
long periods of time m an acid media Thus normal gastnc acidity offers no 
problem by rendenng this compound insoluble 

Intramuscularly , the toxicity of dihydroxy propyl bismuthate is in the range 
of all water soluble bismuth compounds and is governed by the rate of absorp 
tion Orally, the toxicity is extremely low as demonstrated in rats In rabbits, 
a more acute but not alarming oral toxicity is ehcountered No absorption 
studies were made m this connection and it is impossible to state whether rabbits 
are more susceptible to bismuth than rats, or whether the greater toxicity is due 
to the difference in feeding habits of the two animals 

Studying absorption and excretion of diliy droxypropy 1 bismuthate from oral 
administration it becomes evident that the chief intci nai sojourn of the bismuth 
is in the blood itself So simple a reason can not be offered, nor can any clear 
explanation be substituted for the absorption of insoluble compounds from intra 
muscular depots Furthermore that fraction which it> not absorbed from the 
intestinal lining is shortly discharged from the body' and no consideration is 
necessary in connection with permanent presence of innumbcrable depots re 
leasing subtherapeutic amounts of bismuth The presence of elimination for 
several davs after a single administration gives evidence of small amounts of 
retention of dihydroxypropy 1 bismuthate The retention becomes equalized 
upon chrome administration as indicated by the unnary level of excretion 

Chrome oral administration of dihy di-oxy-propy 1 bismuthate m a dog proved 
the presence of bismuth in fluids and tissues with absence of kidney damage 
which is frequently present with this heavy metal Continued oral administra 
tion to rats as well as dogs revealed an unusually high concentration of bismuth 
in the central nervous system Hanzlik Lehman, Richardson and van Winkle 
(11) using rabbits w crc unable to demonstrate bismuth in the biams of over 50% 
of the animals after \ oluntary drinking of sobismmol The highest brain con 
centiations obtained were (1) 1 734 mgm % of bismuth following an intake of 
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14.290 grams of bismuth, and (2) 0.984 mgm. % following an intake of 10.688 
pirns of bismuth. Using rats voluntarily drinking solution of sobisminol, these 
investigators were able to obtain an average brain deposition of 0.2 mgm. % after 
an average consumption of 2.0 grams of bismuth. These reported values are 
low in comparison to values found in our animals. 

The literature reveals no instance where injected bismuth was as effective in 
cerebral penetration as was the oral route. Hanzlik, Lehman and Richardson 
(12) offer this direct comparison using sobisminol both orally and intramuscu- 
larly. In their study much larger total doses were possible orally than intra- 
muscularly, since the margin of safety intramuscularly was often exceeded. 

Experimental oral administration of dihydroxypropyl bismuthate in man 
shows absorption and excretion of essentially the same amounts of bismuth as 
proposed by Cole and associates (13) to be indicative of therapeutic activity. 
Since this compound is well tolerated, has low toxicity and absorption is well 
within the range of therapeutic activity, we believe it is to be well suited as an 
oral bismuth medication in the treatment of syphilis. 

SUMMARY 

(1) The preparation and properties are described of dihydroxypropyl bis- 
muthate, a pentavalent, electronegative bismuth combination, forming neutral 
aqueous .solutions and stable in the fluids of the body. 

(2) Toxicity studies reveal it to be relatively nontoxic orally and within range 
of toxicity established for other water soluble bismuth compounds intramuscu- 
larly. Injected intramuscularly in physiological saline, 32 mgm. bismuth is 
about the minimum lethal dose for rats. 

(3) Metabolic studies of continued administration of dihydroxypropyl bis- 
muthate indicates that absorption, distribution and excretion of bismuth results 
without demonstrable tissue damage. 

Clinical studies are being carried out at the present time in the Department of 
of Dermatology, State University of Iowa Hospitals. The diuretic activity is 
being studied in the Department of Internal Medicine. 

The author wishes to express thanks to Professors R. A. Kuever, College of 
Pharmacy, and E. G. Gross, Department of Pharmacology, School of Medicine, 
for their encouragement and helpful suggestions making possible the completion 
of this study. 
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In the early years of the present century considerable interest was aroused in 
relationships existing between lipoids and anesthetic agents by the extraordinary 
findings of Meyer and Overton (6) and their immediate followers. These ob- 
servations form the basis for the Meyer-Overton theory of the “action” of an- 
esthetic agents. However great the short-comings of this theory are as an ex- 
planation of how anesthetic agents produce anesthesia, new data were obtained 
during these studies which emphasize the interrelationships of lipoid solubility 
and anesthetic action. In 1936, Starkenstein and Weden published a paper dis- 
cussing the influence of cholesterol administration upon the activity of hypnotic 
and anesthetic agents. The purpose of the present study is to repeat in part the 
experiments of Starkenstein and' Weden, and to obtain sufficient data to establish 
the fact of an additive or potentiating effect of certain lipoids on anesthetic action 
not only in the case of a volatile lipoid soluble anesthetic agent, ether, but also in 
the case of a non-volatile agent, a barbiturate (pentobarbital sodium). 

Matemads and methods. Animals, (a) Mice. Two hundred four male albino mice 
were secured from two sources and divided at random into groups of 12. Each individual 
received a distinctive mark. No food was given 16 to 18 hours before the experimental 
period. 

(b) Rabbits. One hundred seventeen rabbits (80% albinos and 20% grays) were secured 
from several sources and divided into random groups. The sizes of these groups and the 
sex distribution are shown in the tables. The rabbits were fasted for 16 to 18 hours before 
the experimental period. 

Lipoid.and control injections. All substances injected intraperitoncally were warmed to 
38°C. before injection. The olive oil used contained less than 0.1% cholesterol; the lecithin 
(animal) was only 90% pure and contained about 10% cholesterol. The cholesterol emul- 
sions used in these experiments were made according to the method of Cole and his asso- 
ciates (2). The lecithin emulsion was made according to an unpublished method of these 
workers and was furnished us through their courtesy. The dosages employed wore deter- 
mined in preliminary experiments. These early studies showed that an altered response 
both to ether and to pentobarbital sodium appeared on repeated injection of the lipoids; 
accordingly, all animals were used for one experiment only. 

(a) Mice. In groups of 12, two or three animals at a time were injected intraperitoncally 
either with 0.25 cc. physiological saline, 0.25 cc. olive oil, 0.25 ce. olive oil containing 5% 
(12.5 mgm.) cholesterol, 0.4 cc. cholesterol emulsion (12.5 mgm. cholesterol), or 0.4 cc. 
lecithin emulsion (12.5 mgm. lecithin), respectively. 

(b) Rabbits. In groups of 6 (usually), one or two animals at a time were injected mtra- 
peritoneally either with 4 cc. per kgm. physiological saline, 4 cc. per kgm. olive oil, 4 cc. 
olive oil containing cholesterol 5% (200 mgm. cholesterol), 6.6 cc. per kgm cholesterol 
in 3% emulsion (200 mgm. cholesterol) or 6.6 cc. per kgm. lecithin in 3% emulsion (200 mgm. 
lecithin), respectively. 
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Anesthesta (a) Mice Ether Thirty to 45 minutes following the mtraperitoneal 
injections described above, the animals (12 at a time) were placed in a tight box of 24 5 
liter capacity This had two glass windows Through a glass tube, one end of which pro- 
jected into the interior of the box (the other end was closed by a soft rubber tube and a 
clamp), ether was injected so that it sprajed on a piece of filter paper hanging down from 
the lid of the box A sufficient quantity of liquid ether was injected so that on volatiliza- 
tion a vapor concentration of 3 0% by volume was produced Thirty minutes later the 
ether vapor concentration was increased to 3 5% and 10 minutes later to 4 5% These 
ether concentrations represent values arrived at by calculation on the basis of the total 
quantity of liquid ether injected Corrections were not made for the ether absorbed by 
the animals, since the size and number of the mice were constant from one day to another, 
and the object of the procedure was merely to obtain an easily reproducible ether concen- 

TABLE 1 


The effect tn mice of ether inhalation after the t ntrapenloneal injection of 
tanous substances 


SUBSTANCE 

NUMBER OF 
MICE USED 

AVERAGE 

NUMBER AND PERCENTAGE OF ANIMALS ANESTHETIZED 
IN A GIVEN TIME IN AN ETHER. CONCENT IAT10N OF 

AVEBACE TIME 
OT RECOVERY 

DJTEAPEUnONIAlXY 

(ALL 

HALES) 

WEIGHT 

| 3 0 vol °o | 

3 5 vol r S 

| 4 5 vol % 

FROM 

ANESTHESIA 




Ro 

% 

Ivo 

% 1 

1 

% 


0 25 cc normal 
saline 

4S 

tramt 

24 7 

S 

1G 7 

29 

67 6 | 

48 

100 

Ml* UltS 

2 2 ±0 14 

0 25 cc olive oil 

| 46 

23 8 

21 

45 7 

46 

100 0 

46 

100 

4 4 ±0 31 

0 25 cc 5% cho- 
lesterol in oil 

47 

23 6 

28 

59 6 

47 

100 0 i 

47 

100 

4 3 ±0 27 

0 40 cc of 3% 
colloidal cho- 
lesterol 

32 

22 6 

IS 

56 4 

32 

100 0 

32 

100 

4 2±0 29 

0 40 cc of 3% 
colloidal leci- 
thin 

31 

21 8 

5 

16 1 

26 

84 0 

31 

100 

2 3 ±0 17 


tration Control and test animals, variously injected, were subjected simultaneous^ to 
the given ether concentration during each run 

During the anesthesia period, observations were made everj five minutes and the condi- 
tion of the mice observed Loud tapping with a metal rod on the metal box at 5 minute 
intervals made it possible to distinguish between sleep and anesthesia Also the depressed 
mice received considerable stimulation from the excited active animals running over them 
The onset of anesthesia was counted from the time the individual did not change his position 
m response to the auditory stimulus At the end of 50 minutes all animals were removed 
at the same time from the ether atmosphere The time of recovery as indicated by active 
movement was recorded for each individual 

(b) Rabbits Ether or Pentobarbital Sodium Thirty to 45 minutes after the intra- 
peritoneal injections referred to above, the rabbits received 2 cc liquid ether per kgm 
subcutaneously {nape of neck) or 25 mgm per kgm pentobarbital sodium intravenously 
The onset and duration of sleep and anesthesia were recorded The onset of "sleep” was 
measured from the time the animals lay on tlieir side until they w ere awake The measure- 
ment of "sleep” terminated w ith the first active movement The onset of anesthesia was 
measured from the time the righting reflexes were lost until they were recovered The 




TABLE 2 

The effect in rabbits of the subcutaneous administration of S cc. per kg. ether following the 
intraperitoncal infection of carious substances 


scms-uncE _____ 

"“■2““ «*«n« IS' Develop^ 

PEsnowcAiiY "««* After D«,«* 

»>■( SfiE 


4 cc. per 
kg. of 
normal 

saline.... 18 2.48 

4 cc. per 
kg. of 

olive oil 17 2.58 

200 mg. 
per kg. 
of chole- 
sterol in 

4 cc IS 2.78 


Assrxee or starmto 
nmex 

Developed 

in 

• Duration 


ABSENCE Or PAIN 
irnix 

Developed 

m 

. Z?ur«* 

I /w r tlon 

M&t 



TABLE 3 

77ie ejfecf in rabbits of the intravenous administration of £5 mgm. per kg. of pentobarbital 
sodium following the inlraperitoneal injection of various substances 


ABSENCE Of WCHTINO I ABSENCE Or 
xinxx { pain xmex 


SUBSTANCE 

ADMXN1STE*K) 

rNT*A- 

PEBIIONEA1XY 


4 cc. per kg. 
of normal 
saline 
4 cc. per kg. 

of olive oil 
200 mgm, 
per kg. of 
choles- 
terol in 4 
cc.ofolive 
oil 

200 mgm. 
per kg. of 
colloidal 
choles- 
terol in 
3% solu- 
tion 

200 mgm. 
per kg. of 
colloidal 
lecithin in 
3% solu- 
tion 
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presence or absence of response to a painful Btimulus was tested. After the onset of sleep 
all animals were regularly stimulated every two minutes by pinching their tails with a 
hemostat. The state of the corneal reflex was observed. 

Results. It is clear (table 1) that the intraperitoneal injection of olive oil, of 
cholesterol in oil, or of colloidal cholesterol nearly doubles the average time re- 
quired for recovery from a given ether administration over that observed when 



“sleep"' loss op righting re r lex loss of pun 


Fig. 1. Rabbits under Ether 


response 



the intrapen toneal injection has consisted of physiological saline or of colloidal 
lecithin. That this prolonged recovery time is significant can be shown by cal- 
culation from the standard errors of the means. 1 Outstanding differences in the 

1 The mean recovery time for animals with saline injection was 2 2 minutes (the same 
also for lecithin) Call this Af ( , Mt, Af», Af« represent the mean recovery times following 
ohve oil, cholesterol in oil or colloidal cholesterol injection, respectively. 

Af, - Af. > 2 SEMI + SEMI 
Mi - Mi ~ 2 2 > 2(0 34) 

Mi - M, = 2 1 > 2(0 30) 

Mi - Mi « 20 > 2(0 32) 
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response of rabbits to the anesthetic agents, depending upon the intraperitoneal 
injection, are illustrated in tables 2 and 3. In contrast to the effect of cholesterol 
or oil administration, the intraperitoneal injection of lecithin had no effect either 
on the development of anesthesia or on the time of recovery. 

Discussion . The effect of parenteral cholesterol administration on anesthesia 
was, as already mentioned, first investigated by Starkenstein and Weden. 
Though the experimental details given by these authors are fewer than one could 
wish their major conclusion has been corroborated by our experiments for ether 
and a barbiturate, namely, that the length and depth of anesthesia produced by 
various anesthetic agents (they studied ether, chloroform, sodium barbital, 
urethane, diethylhydantoin) can be greatly increased by previous intraperitoneal 
injection of cholesterol. We have confirmed their observations for ether and a 
barbiturate. The difference between their results and ours is chiefly quantitative. 

In looking for an explanation of the effect of cholesterol Starkenstein and 
Weden mention the possibility, without trying to prove it, that its effect lies in the 
increase of the "transport material” which assists the anesthetic agent in reaching 
the lipoid-rich tissues of the central nervous system. Our lecithin data do not 
support this, since lecithin was without effect although it has the same order of 
ether solubility as cholesterol. It also seems improbable that such an explana- 
tion could account for the effect of cholesterol on the barbiturate anesthesia. We 
wish to emphasize that, judging from these facts, one apparently must look 
beyond physical solubility and transport effects for an explanation of the choles- 
terol phenomenon. 

At the present time we can give no explanation of the mode of action whereby 
cholesterol exerts its effect on the anesthetic process. Aird and Gurchot (1932) 
have presented evidence in an effort to show that cholesterol decreases and 
lecithin increases the permeability of cell membranes. If this could be shown to 
be the case it would be of great interest. Much further evidence is required 
before acceptance of this view is possible. 

Evidence of the anesthetic power of sterols is given in the experiments of 
Selye, who holds that “no compound [steroid] devoid of hormone action possesses 
this power.” 2 While cholesterol appears to potentiate the anesthetic effect of the 
ether and of the barbiturate, this effect may possibly be only addition. There 
was some suggestion in the animals studied that the oil or cholesterol admin- 
istered produced sluggishness of response to stimulation before the anesthetic 

5 After the conclusion of the series of experiments presented in this paper we learned of 
a paper published in 1927 by Cnshin and Moravek. They report success in inducing anes- 
thesia in cats by the intravenous injection of a watery cholesterol emulsion containing a 
small amount of lecithin. They do not state the exact dose required for this purpose, 
but it is evident from their paper that it must have been less than 100 mgm. per kgm., 
because they state that this dose caused death within 30 seconds and smaller (but unstated) 
doses produced deep anesthesia lasting for 20 minutes. We also employed intravenous 
injection of cholesterol emulsions in a number of dogs and rabbits but the majority of 
animals died shortly after the injection, possibly due to intravascular precipitation of the 
cholesterol emulsion. If, however, the experiments of Cashin and Moravek can be cor- 
roborated, Selye's “law” of steroid hormone anesthesia may require some modification. 
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agents were administered More sensitive methods of studymg possible choles- 
terol or oil depression must be employed before this can be said to be not an 
addition but a potentiation 


CONCLUSIONS 

1. We have confirmed for ether and a barbiturate the principal conclusion of 
Starhenstem and Weden that the depth and duration of anesthesia can be 
greatly increased by the previous injection of cholesterol 

2 The cholesterol effect appears to be a potentiation, the possibility that it 
may be additive cannot be eliminated at this time 

3 In searching for an explanation of the cholesterol action one must look 
be} ond physical solubility and transport effects: (a) Both ohve oil and cholesterol 
increase the effectiveness of ether, but only cholesterol increases the effectiveness 
of the barbiturate Oh\ e oil has no effect on the barbiturate (b) Ether has the 
same order of solubility in both cholesterol and lecithin j et the cholesterol in- 
creases the anesthetic effect of ether (and the barbiturate) while the lecithin 
does not 
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Previous investigations (1, 2, 3) established the hematic and organic reactions 
elicited in normal and shocked animals following the single and repeated intra- 
venous injection of several macromolecular plasma substitutes (polyvinyl alco- 
hol, methyl cellulose, pectin, gelatine). Evidence was supplied indicating that 
methyl cellulose solutions seem to exert a beneficial effect in the treatment of 
different types of experimental shock in dogs. A method for the development 
of a standardized and graded histamine shock in dogs was reported, furnishing 
the basis for a reliable evaluation of the relative efficacy of therapeutic agents 
used in the management of secondary shock (4). 

The present report deals with an extension of these studies on the fundamental 
dynamics and the therapy of histamine shock by the use of methyl cellulose of 
different molecular weights and viscosities and by combining this macromolecular 
colloidal agent with various vasotonic substances, such as S-methyl isothiourea, 
posterior pituitary extract, ephedrine, tyramine, and with detoxicating agents, 
such as ascorbic acid and calcium glucuronate. 


Experimental procedure. The colloidal agent used in this study was methyl cellulose. 
This water soluble methyl ether of cellulose was employed in five of the seven available 
types, which differ from each other in molecular weight, degree of polymerization, and de- 
gree of viscosity, but not in colloidal osmotic pressure. The data concerning the molecular 
weight, degree of polymerization and viscosity were kindly supplied by Dr. R. M. Upright 
of the Dow Chemical Company, the manufacturer of this product. The molecular weights 
were calculated from the intrinsic viscosities according to Kramer's modification of Staud- 
inger’s formula and represent, therefore, the average molecular weights of these substances 
(the aggregate sizes of which may occur as larger or smaller molecular components than the 
average reported). The colloidal osmotic pressures were determined by employing the 
apparatus and method which involve the use of a cellophane membrane to establish osmotic 
equilibrium (Simms, Zwemer and Lowenstein). This information is presented in table 1. 

The colloidal osmotic pressures were determined for 0.1% aqueous solutions of the 
respective samples. The viscosity data furnished were based on the viscosities of 2% 
aqueous solutions as determined in Ubbelohde viscosimeter tubes at 20°C. Additional 
information on the physicochemical properties of methyl cellulose may be found in previous 
publications (1,2). A study of the therapeutic efficacy of colloidal solutions of a substance 
varying only in molecular size but not in molecular shape or chemical composition seemed 
to be of special interest, as these factors determine colloidal osmotic pressure and vascular 
permeability, which are said to be altered in shock. 

While the pharmacological and, particularly, vasotonic qualities of posterior pituitary 
extract and ephedrine are well known and therefore do not need to be discussed here, those 
of iS-methyl isothiourea sulfate require some mention, as this substance has only recently 
been introduced as a therapeutic agent (6, 7, 8). 5-methyl isotbiourea sulfate causes an 
elevation of the systolic and diastolic blood pressure in man and animals by acting probably 
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through a peripheral mechanism This action is not interfered with by a paralysis of the 
sympathetic motor effects produced by ergo toxin e or IS methyl pipendinobenzodioxane 
The heart beat is slowed and the respiration is stimulated The vasopressor effects can be 
elicited by intravenous or oral introduction and are relatively prolonged The substance 
has been used by Smirk with good results in counteracting experimented shock m animals 
and traumatic or anesthetic shock (spinal anesthesia) in man No untoward complications 
have been noted m man and animals after the use of therapeutic doses The solution is 
acid and does not deteriorate appreciably m this state, but begins to decompose at a pH 9 0 
with the liberation of CHtSH Solutions can be sterilized by tyndalhzation Some of 
these observations of Smirk and his collaborators could be confirmed in our own pharmaco- 
patbological Btudies of this substance (9) 

Although the use of vasotonic agents in the treatment of shock has at the present time 
few supporters (10), the rationale of such therapy is evident from the fact that even during 
shock not the entire arterial By stem is contracted but only one or several provinces, while 
the arteries in the other regions are dilated (11) Inasmuch as a prolonged improvement 
of the circulation and distribution of the blood cannot be expected from a mere increase in 
blood volume by the introduction of colloidally active liquids into a relaxed and leaking 

TABLE 1 


Properties of methyl cellulose 


VISCOSITY TYPE 

StOLTCUUtK WEICHT 

POIYKEJUZATIOV DEC1EE 

OSVOTIC FBES50M, 

0 1% SOLN 

ept 




16 

32,200 

169 


25 

30,400 

191 


50 

53,400 

281 

183 

100 

60,500 

318 

183 

400 

77,700 


191 

1,500 

118,200 

622 

187 

4,000 

143,600 

756 

186 


vascular sy stem, a restoration of a proper cardiovascular tonus appears to be a fundamental 
requirement for a sustained effectiveness of colloidal therapy, as an increased cardiovascu- 
lar tonus under such conditions not only improves the blood circulation, but also decreases 
\ ascular permeability 

The reasoning underlying the use of detoxicating agents was presented in preuous pub- 
lications (2, 12) It w as the purpose of the present experiments to gain additional informa 
tion concerning the efficacy and dosage of some of the members of the mixture employed 
before 

A total of 100 mongrel dogs was used These were injected subcutaneously with his- 
tamine dihydrochlonde suspended in a base of cottonseed oil (U S P ) and “Falba” Ab- 
sorption Base (Pfaltz and Bauer, Inc ) The vehicle w as prepared by mixing three parts 
of the oil with one part of the absorption base (W/W) One cc of the mixture contained 20 
mgm of histamine dihydrochlonde Injections of the histamine preparation were made 
alter the dogs had been placed under nembutal anesthesia, alter the femoral artery had been 
connected with a mercury manometer for the kymographic recording of the blood pressure, 
and after the blood pressure had been recorded for 10 to 15 minutes and had become sta- 
tionary Blood for hematic studies was removed from the jugular vein before the histamme 
injection and afterwards at more or less regular intervals in many of the animals used The 
following components of the blood were determined number of erythrocytes and leuco- 
cj tes, i oluroe of packed blood cells, plasma viscosity , colloid osmotic pressure and erythro 
cytic sedimentation rate In all instances herein reported the therapeutic agents were 
administered by intravenous infusion 
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In the performance of these tests the osmometer, described by Simms, Zwemer end 
Lowenstein, and the viscosimeter of Hess were used. The various types of methyl cellulose 
were obtained from the Dow Chemical Company, while the 5-metliyl isothiourea sulfate 
was the brand of the Eastman Kodak Company. The posterior pituitary extract was 
prepared in this laboratory. 

Animals which survived a primary observation period of seven hours were removed from 
the operating table, placed into their cages and covered with toweling after the vessels had 
been ligated, the wounds dusted with sulf athiazole powder and the skin sutured. Autopsies 
were performed on the majority of the dogs which cither died during the experiment or 
which were sacrificed after surviving the experiment eight to ten days. Histological studies 
of the internal organs (brain, heart, lung, liver, stomach, intestine, pancreas, spleen, kid- 
ney, adrenal, aorta at various levels and carotid artery) were mado of a limited number of 
them so as to ascertain not only the early and late pathologic manifestations of shock, but to 
search also for any lesions which might be attributable to the treatment given. 

1. Shock treated with methyl cellulose solution (4000 crs.) contain- 
ing S-methyl isothiourea sulfate. An 0.075% methyl cellulose (4000 cps.) 
solution in normal saline has a viscosity of 2.0, i.e., that of normal plasma. To 
this solution sufficient S-methyl isothiourea was added to make a concentration 
of 1:1000. This particular concentration of S-methyl isothiourea was found 
to be the most suitable for therapeutic purposes after some preliminary experi- 
ments with higher and lower concentrations, which gave either too strong and 
rapid a reaction or an effect which was not intense or lasting enough. The above 
mentioned water clear, viscous solution, composed of a hydrophilic colloid and 
a vasotonic agent, has a colloidal osmotic pressure of 134, or approximately 
equivalent to J that of human plasma (300-400 mm. of water) and that of canine 
plasma (245-365 mm. of water) (13, 14, 15). 

The series consists of 42 dogs; 10 were injected with 20 mgm. of histamine 
dihydrochloride per kilo and 32 received 15 mgm./kg. The blood pressure was 
lowered thereby to a level of 30 to 45 mm. for a period of 60 to 120 minutes before 
an injection of 0.075% methyl cellulose plus 0.1% S-methyl isothiourea in nor- 
mal saline was given into a femoral vein. The initial dose of the colloid-vaso- 
tonic solution was from 18 to 25 cc. per kg. This treatment was repeated with 
smaller doses once to thrice during the observation period of 6-7 hours whenever 
the blood pressure showed a tendency to drop progressively following a primary 
rise after the first injection. The total amount of fluid intravenously introduced 
fluctuated between 150 to 500 cc. or from 20 to 50 cc. per kg. The average 
amount injected was 310 cc., or 29 cc. per kg. The weight of the dogs varied 
between 6.6 kg. and 18 kg. (average 9.54 kg.). 

The types of reaction observed in the dogs shocked with 20 mgm. of histamine 
dihydrochloride per kg. are illustrated by the two cases presented in table 2, 
while those shocked with the 15 mgm./kg. dose are given in two examples in 

table 3. f 

Colloidal osmotic pressure determinations of the serum were made m nine oi 
the dogs shocked with the 15 mgm./kg. dose. Table 4 presents the data cover- 
ing this factor in three representative examples of this series. 

If the dogs studied are arranged in three groups according to the type of renc- 
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tion to the injection of the MC •+• MTU 1 solution: 1 , those in. which the treat- 
ment did not increase the blood pressure above 60 mm fox more than one hour, 
2 , those m which the therapy raised the blood pressure to 60-90 mm for one 
hour but was unable to maintain it at that le\ el , and 8 , those m which the treat- 

TABLE 2 


Reactions to the injection of methyl cellulose S methyl isothiourea sulfate in shock 
produced by histamine SO mgm per kg 


DOC 

WT 

TIMS* 

,, 

* 

r 

V 

TtZATVZJiT 

PATHOLOGY 

1146 

9 3 

0 

120 

7 75 

10 4 

2 15 

186 mgm histamine 

Heart contracted 



20 

30 

7 35 

1 2 

2 00 


Lungs congested 



95 

34 

6 10 

1 2 

1 90 

150 cc MC+MTUf 

Spleen large, dark red 



110 

62 

6 05 

2 4 

1 90 

End of injection 

Intestine deep red, vel* 



180 

86 

6 60 

2 6 

2 00 


vety mucosa 



240 

100 

6 85 

3 6 

2 00 


Rectum normal 



300 

100 

0 45 

4 7 

2 00 





360 

104 

7 45 

8 9 

2 00 

100 cc MC + MTU 




410 

120 





Death overnight 

1139 

9 6 

0 

112 

6 30 

24 8 

2 90 

192 mgm histamine 

Heart dilated 



20 

32 

C 50 

4 0 

2 40 


Lungs congested 



SO 

42 

C 50 

4 2 

2 35 


Liver congested 



120 

4-4 




150 cc MC + MTU 

Gall bladder edematous 



140 

82 

8 55 

4 2 

2 40 

End of injection 




210 

66 




50 cc MC + MTU 

Kidney congested 



225 

76 

7 45 

12 6 

2 70 


Stomach tarry mucus 



295 

GO 

7 00 

13 2 

2 70 





340 

0 





Duodenum Hemor 









rbagic mucosa and 
content 









Ileum spotty hemor 
rhagic 

Rectum normal 


* Minutes after histamine administration 

t MC — 0 075% methyl cellulose, MTU = S methyl isothiourea sulfate 0 1 per cent in 
saline, BP = blood pressure, E = erythrocytes in millions , L = leucocytes in thousands, 
V = plasma viscosity at 20°C 


ment elected the blood pressure abo\e 100 mm and maintained it there for 
at least 2 hours, the following tabulation appears 



j CBOCP 1 j 

j ettotrp 2 

| csoop 3 


20 m?m 

IS mgm 

20 mgm 

IS mgm 

20 mgm 

IS mgm 

Cases 

4 

7 

3 

12 

3 

13 

Survivals 

0 

0 

0 

2 

0 

9 


1 Hereafter the following abbre\ ntions will be used MC for methyl cellulose and MTU 
for S methyl isothiourea sulfate 
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. J he dadl rec orded on the movements of the plasma viscosity in these dow 
indicate that there occurs during the first hours of the shock a mild reduction in 
the viscosity followed sometimes after injection of the MC + MTU solution 


TABLE 3 

Reactions lo the injection of methyl cellulose + S-methyl isothiourea sulfate in shock 
produced by histamine IS mgm. per kg. 


DOG 

\vr. 

TIME 


E. 

t. 

V. 

THEATMEST 

PATHOLOGY 




mm 

X JO 

X JO 




1168 

9.C 

0 

130 

5.8: 

16.8 

2.0 

144 mgm. histamine 

Organs; normal 



5 

32 

5.5C 

1.2 

1.8 





40 

34 








70 

46 

5.9C 

2.2 

1.8. 

200 cc. MC + MTU 




90 

90 

6.65 

2.9 

2.0 

End of infusion 



m 

170 

116 

6.15 

3.3 

1 . 9 ; 




n 

240 

126 

7.65 

9.7 

1.9; 




t 

24 hrs. 




1.9; 




1 

5 days 



13.7 

1.9S 




H 

6 days 


5.45 

23.6 

m 




I 

14 days 


5.45 

11.7 

2.9 



1179 

12.0 

0 

HI 

7.50 

14.0 

2.6 

180 mgm. histamine 

Died overnight 



25 

50 


2.3 

2.6 


Heart: dilnted 



60 

34 

Hf; ; 

4.7 

2.6 

200 cc. MC + MTU 

Lung: congested, edem- 



75 

52 


E&l 

2.45 

End of infusion 

ntous 



165 

94 

m 

6.1 

2.55 


Liver: yellow brown 



260 

Ha 





Spleen : cyanotic 



320 

110 

US 

TV] 

2.95 

150 cc. MC + MTU 

Duodenum: hemor- 









rhagic 



330 

116 




End of infusion 

Small intestine: spotty 









hemorrhages 









Stomach : tarry mucus 

1193 

9.2 

0 

102 

7.40 

4.3 

1.85 

138 mgm. histamine 

Died overnight 



10 

22 

6.55 

0.4 

1.7 


Heart: contracted 



45 

24 

8.35 

0.2 

1.7 

200 cc. MC -f MTU 

Lung: congested 



55 

30 

6.70 

0.3 

1.75 

End of infusion 

Liver: pale yellow 



130 

38 

7. SO 

0.7 

1.9 

100 cc. MC + MTU 

brown 



135 

36 




End of infusion 

Spleen : mod. contracted 



155 

46 

8.00 

1.1 

2.3 


Stomach: Severn! ulcers 



195 

52 




100 cc. MC + MTU 

in prepyloric region 



215 

58 

8.25 

1.7 

2.35 

End of infusion 




300 

78 




50 cc. MC MTU 

Duodenum: hemor- 









rhagic 



305 

82 




End of infusion 

Ileum: bloody content 



315 

74 

7.95 

7.0 

2,51 


Cecum: bloody content 









Rectum: congested 


by a moderate transitory increase, but usually continuing this decrease for 
several hours or days when an increase in viscosity occurs, occasionally sur- 
passing the control level. This movement, as shown in subsequent experiments, 




* After histamine injection 

These results indicate tliat the ultimate outcome of the shock as influenced 
by the treatment given depends upon and can be predicted to a certain extent 
from the response of the blood pressure and colloid osmotic pressure to the 
therapy. The data provided by hemoconcentration changes proved to be un- 
reliable, as some of the animals which either developed a minor hemoconcentra- 
tion or even a marked hemodilution died early, while others with a moderate 
hemoconcentration at the end of the observation period of 7 hours survived. 
It is remarkable, on the other hand, that 8 of the 19 dogs which exhibited a very 
satisfactory blood pressure response, sometimes surpassing the control level, 
died during the 8-18 hour period with the pathological evidences of shock 
(hemorrhagic duodenum and jejunum, edema of gall bladder, congestion of 
liver) Whether or not this outcome might have been prevented in some of these 
dogs if additional infusions could have been given during the night remains 
uncertain. 

The relative efficacy of the treatment administered to the dogs subjected to 
histamine shock with doses of 20 mgm. and 15 mgm. per kg. is ascertained by a 
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comparison of the lengths of survival time and survival rates of these dogs with 
those observed previously in dogs which were shocked with the same doses of 
histamine dihydrochloride and which remained untreated. Table 5 presents 
these-relations. 

There is a considerable lengthening of the survival time in both treated series 
in comparison to the untreated series, and an appreciable increase in the survival 
rate among the treated animals of the series which received 15 mgm./kg. over 
that of the corresponding untreated dogs. 

An additional series of 12 dogs were then shocked with histamine dihydro- 
chloride (15 mgm./kg.) for testing separately the two constituents of the colloid- 
vasotonic solution. Seven of these dogs, having an average weight of 8.5 kg., 
were injected with an 0.075% MC solution in normal saline, wheieas the remain- 
ing five dogs received intravenous injections of MTU solution (1:1000) in nor- 
mal saline, given one to two hours after histamine in doses of 20 to 30 cc. per 

TABLE 5 


Survival times and rates of treated and untreated dogs shocked with 15 mgm /kg. and 
20 mgm./kg. of histamine dihydrochloride 




DEATH WITHIN 


SURVIVALS 

- 

0-7 hrs 

8-18 hrs 

UMS hrs 





per cent 

!0 mgm./kg.. 




0 

Treated 

40 

60 

0 

Untreated 

80 

20 

0 

0 

5 mgm./kg.: 




33 

Treated 

15 

50 

0 

Untreated 

40 

50 

0 

10 


kg. of body weight. The total amount of fluid introduced varied between 
150 cc. and 400 cc. (average 290 cc.). 

The effects obtained with these treatments as reflected by the blood pressure 
responses and the survival times are presented in the following tabulation. 



BLOOD PRESSURE RATINGS* 1 

1 


SURVIVAL TIMEf 



i 

II 

III 

I | 

11 ! 

III ! 

IV 

MC series 

2 1 

5 

0 

1 

3 1 

2 

0 

1 

MTU series 

1 2 

2 

1 

1 ! 

4 



* Scheme explained on page 00 
f Scheme used in table 5 


mile the survival time and latio of dogs tieated with MC solution alone is 
better than that of similarly shocked untreated dogs and dogs injected with M i U 
solution, it is not as good as in those subjected to injections of MC + -MIL 

solutions. 
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The two series differed fundamentally in the reaction of the colloid osmotic 
pressure of the serum. The MC treated dogs, with one exception, exhibited a 
progressive lise of the colloidal osmotic pressure in the unfavorable cases, similar 
to that seen in untreated dogs, whereas the dogs of the MTU series showed, with 
one exception, a moderate to marked decrease of the colloidal osmotic pressure 
from an average of 482 mm to an average of 283 mm. The exceptional dog in 
the MC series, W'hich survived for 30 houis, developed first a transitory drop 
with a subsequent steep rise in colloidal osmotic pressure shortly before death 
In the exception in the MTU senes the colloidal osmotic pressure first underwent 
a rapid reduction followed by a gradual rise to approximately the normal level 
reached at the six hour mark. 

The plasma viscosity in the MC series showed a tendency toward a mild rise, 
w hile that of the MTU senes dropped slightly, except for one dog u hich displayed 
a rapid and marked increase m the number of erythrocytes, leucocytes and 
viscosity of the plasma during an 18 hour period. 

The autopsy findings of these dogs were typical for shock. 

2 Shock treated with methyl celluloses (viscosity 1500 to 50 cps.) 
plus <S-methyl tsoTHiouREA solution. In an additional senes of 19 dogs 
shocked with various doses of histamine dihvdrochloride, methyl cellulose solu- 
tions prepared from methyl celluloses of lower molecular weights and viscosities 
(3 dogs with methyl cellulose, 1500 cps., 10 dogs with methyl cellulose, 400 cps , 
3 dogs with methyl cellulose, 100 cps , 3 dogs with methyl cellulose, 50 cps ) 
were used. Difficulties were encountered in the preparation of these solutions 
in connection with the methyl celluloses 1500 cps , 100 cps. and 50 cps., as these 
types did not give an entirely water clear solution even after filtration through 
“Hy-flo Supercel” and filter paper. All solutions were adjusted to a viscosity 
of 2 and therefore varied in concentration (MC 1500 cps , 0.17%; MC 400 cps , 
0 25%; MC 100 cps., 0 25%; MC 50 cps , 0.5%). The MTU was added to this 
solution in concentrations of 1:1000 to 1:100. The colloid-vasotonic solutions 
were administered GO to 120 minutes after the injection of the histamine in 
amounts similar to those employed in the preceding experiments. 

The results obtained and observations made are summarized in the following 
tabulation. 



The blood pressure responses as well as the survival times of these dogs indi- 
cate a lelatively favorable reaction to the treatments given This impression 
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receives additional support from the fact that in the MC-400 cps. series increased 
erythrocytic and hematocrit values dropped after the injection of the colloidal- 
vasotonic agent to approximately control conditions and prevailed at this level 
for some time after the treatment. There was only one exception in which a 
progressive hemoconcentration occurred. Moreover, three of the eight dogs 
of this series which were killed or died during the first seven hours showed gross 
evidence of shock. While it is likely that some of the animals might have died 
later with such changes, there is good reason to believe that an appreciable 
number of those with good blood pressure responses and favorable hematic 
reactions would have survived. The survival rate of 20 per cent of this group 
is therefore presumably much higher than apparent from the actual figures. 

The plasma viscosity showed in these dogs a slight rise during the first 7 hours. 

3. Shock treated with methyl cellulose solution plus additions of 

VARIOUS VASOTONIC AGENTS (POSTERIOR PITUITARY EXTRACT, EPHEDRINE SUL- 
FATE, and tyramine hydrochloride). Additional vasotonic agents, such as 
posterior pituitary extract, ephedrine sulfate and tyramine hydrochloride, were 
added in place of >S-methyl isothiourea sulfate for comparative purposes. The 
incorporation of these agents into the colloidal medium seemed to offer the 
advantages of a prolonged introduction of the vasotonic substances, with the 
accompanying less acute effect upon the blood pressure possibly accentuated 
by a slower absorption from its viscous vehicle, thereby obtaining a more gradual 
and persistent action. 

Ten dogs shocked with histamine dihydrochloride (10 mgm. to 40 mgm./kg.) 
received intravenous injections of MC (400 cps.) solutions (1% to 0.25%) to 
which posterior pituitary extract (surgical strength) was added in concentrations 
of 1 : 500 to 1 : 7000. Four additional dogs shocked by similar doses of histamine 
dihydrochloride were treated with a 0.25 per cent MC solution (100 cps.) con- 
taining ephedrine sulfate in a concentration of 1 : 500 to 1 : 1000. A second group 
of four dogs shocked with histamine dihydrochloride (10 mgm. to 20 mgm./kg.) 
were injected with a MC solution (100 cps.) to which tyramine hydrochloride 
(1:500 to 1:1000) was added. 

The comparatively fleeting marked rise of the blood pressure with these drugs 
necessitated making the injections at relatively frequent intervals so as to main- 
tain the blood pressure at a moderately high level. Many of the dogs received 
6 to 9 injections and thus rather large amounts of fluid (up to 700 cc.). The 
efficacy of the various treatments is apparent from the following tabulation: 


TYPE 07 TREATMENT ] 

| *,uubf:r 

1 or cogs 

VLtoOP PRESSURE RATINGS 

stnmvAt TiUEs 

I 

1 

II 

III 

I 

II 

-j 

111 

IV 

MC (400 cps.) + posterior pitui- 
tary. ... . . . . i 

MC (100 cps.) + ephedrine or 
tyramine . 

30 

! 

8 

i 

2 ! 
6 i 

5 

* 

3 

2 

1 

! 

+8* 

0 


1 



* Killed at end of observation period of 7 hours. 
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The fleeting action of posterior pituitary extract upon the blood pressure of 
dogs shocked with histamine dihydrochloride (15 mgm./kg,) was demonstrated 
in a second group of four dogs which received the posterior pituitary extract in 
normal saline solution. In only one instance did this treatment result in a 
pressor response which was maintained above 100 mm. for a period of several 
hours. 

4. Shock treated with methyl cellulose (400 cps.) and ascorbic acid 

AND CALCIUM GLUCURONATE SOLUTIONS IN CONJUNCTION WITH METHYL CELLULOSE 

(400 cps.) + S-methyl isothiourea solution. In an experiment comprising 
eight dogs, the treatment of shock with an 0.25 per cent MC (400 cps.) + MTU 
solution (1 : 1000) was supplemented by freshly prepared and neutralized solu- 
tions of ascorbic acid and calcium glucuronate given separately or mixed Math 
the MC + MTU solution. Four dogs received calcium glucuronate either 
alone (2) or in combination with ascorbic acid. The calcium glucuronate solu- 
tion was administered as a 20% solution in quantities of 10 to 50 cc. The 
shocking dose varied from 5 mgm./kg. to 15 mgm./kg. of histamine dihydro- 
chloride. The calcium glucuronate solution alone had no appreciable effect 
upon the blood pressure. Inasmuch as it exhibited a marked tendency to form 
brown floccules soon after its preparation, this substance can not be used with 
any advantage in the treatment of shock without additions which stabilize the 
solution. 

In a second set of four dogs ascorbic acid in single doses of 5 to 20 gms. in a 
20 per cent neutralized solution were used in conjunction with the MC + 
MTU treatment. The dogs were shocked with histamine dihydrochloride 
(5 mgm./kg.) and the treatments were begun 45 to 190 minutes after the intro- 
duction of the histamine. In two dogs this procedure was repeated three times 
with intervals of three days between the individual shock episodes, while the 
shock dose was increased in one dog to 10 mgm./kg. No effect upon the blood 
pressure was noted in those instances in which the ascorbic acid solution was 
given apart from the MC + MTU. It w r as observed, on the other hand, that a 
too rapid injection of such concentrated ascorbic acid solutions can produce a 
rapid and severe drop in blood pressure which maj' simulate that produced by 
histamine. When mixed with the MC + MTU solution ascorbic acid did not 
interfere with the usual pressor response, which in most instances w’as good, 
carrying and maintaining the pressure beyond the control level and above 
100 mm. The observations made with this treatment do not permit a definite 
statement as to its merits. However, it is apparent that the intravenous 
introduction of large amounts of ascorbic acid did not do any harm and may have 
done some good, as suggested by the survival of two of the dogs through three 
successive episodes of shock sustained in intervals of two to three days. 

Comment. The evidence presented indicates that dogs subjected to a stand- 
ardized and graded histamine shock are distinctly benefited by the intravenous 
injection of a colloidal solution of the hydrophilic MC having a viscosity of two 
and containing MTU in a concentration of 1 : 1000 serving as a vasotonic agent. 
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Animals treated with this solution one to two hours after the institution of the 
shock showed a considerable lengthening of the survival time and an appreciable 
increase of the survival rate. The absolute results depend on the severity of 
the shock produced, i.e., the dose of histamine dihydrochloridc given. 

These effects most strikingly demonstrated in dogs treated with solutions con- 
taining MC (4000 cps.) were apparent also to a somewhat less marked degree 
in experiments in which the methyl celluloses of lower viscosity were used, 
especially that of 400 cps. viscosity. The extent of the protection supplied by 
this type of treatment is illustrated by the fact that only one out of ten untreated 
dogs shocked with 15 mgm./kg. of histamine dihydrochloride survived, while 
one out of three of the series treated with a solution of 0.075% MC (4000 cps.) 
plus MTU (1:1000) in normal saline survived. These favorable results were 
obtained only when both a hydrophilic colloid and a vasotonic agent were 
administered together. Either one alone was definitely less effective, especially 
the vasotonic agent. This combination of the two agents apparently provides 
the needed amount of fluid and osmotically active hydrophilic colloid of large 
molecular size, gradually increases the vascular tonus over prolonged periods 
and counteracts the marked elevation of the colloidal osmotic pressure of the 

aod serum occurring in shock, without unduly increasing the viscosity of the 
ijasma. The treatment of histamine shock with MC + MTU solutions was 
ineffective in all those dogs which showed within the first 7 hours of the experi- 
ment bloody discharges from the bowel, thereby indicating an irreparably 
damaged capillary system. 

Of the methyl celluloses used in these studies, the one with the highest molecu- 
lar weight (type 4000 cps., molecular weight 143,000) seemed to be superior to 
the others, not only in regard to the results obtained but also for the following 
reasons: Its solution is easily prepared and is water-clear without filtration; 
it is more stable after autoclaving than those of the other types which do not 
give entirely clear solutions even after filtration; a much smaller amount of 
methyl cellulose (4000 cps.) is required to give a solution of viscosity 2 than when 
the other types are used ; solutions of methyl cellulose (4000 cps.) seem to slow 
and prolong the vasotonic action of MTU to a higher degree than those of the 
other types; the hydremic effect of MC (4000 cps.) and thus its water-binding 
power is more persistent than that of the 400 cps. type, as animals injected with 
this latter material showed already during the first eight hours a mild to moderate 
increase in the viscosity of their plasma, thus indicating an escape of part of 
the fluid and a retention of the viscous colloid in the blood. 

It is evident from these data that the beneficial effects exerted by the colloid 
do not depend to any significant degree upon its colloidal osmotic activities, 
that is, upon its ability to withdraw water from the tissues into the blood. The 
drop of colloid osmotic pressure of the serum in nephrotic patients following 
the injection of acacia solution observed- by Goudsmit, Binger and Keith (10) 
as well as the hemoconcentration found by Harkins (17) in dogs subsequent to 
the intravenous introduction of concentrated serum are observations supporting 
this ‘conception. 
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Additional confirmation seems to be supplied by the finding of Mahoney, 
Kingsley and Howland (18), who noted that half diluted plasma was more effec- 
tive than normal plasma and that concentrated plasma was least efficient in 
maintaining life of shocked dogs. It is obvious, moreover, that the influx of 
tissue fluids iuto the blood after severe hemorrhage is not the result of an in- 
creased plasma protein content of the blood, as this piotein content remains 
either normal or becomes reduced after hemorrhage. Beattie and Collard (19) 
recorded that after hemorrhage the restoration of blood volume is independent 
of the restoration of the plasma proteins, as the speed of the blood volume 
restoration outstrips the rate of plasma protein movement. The observations 
of Beattie (20), and of Sharpey-S chafer and Wallace (21) on the retention of 
injected serum or plasma in the circulation and on the movement of plasma, 
plasma proteins and tissue fluids with their proteins from and into the blood 
have shown that massive movements of these liquids and their constituents may 
occur in a relatively short time and that much is unknown concerning the mecha- 
nisms controlling the plasma volume and mass movements of plasma proteins. 
The validity of this statement is strikingly illustrated by the fact that after 
shock by local crush injury followed by local extravasation of blood fluid into 
the injured area there occurs, according to the observations of Blalock and his 
coworkers (10), not a lestitution of the lost blood volume by an influx of tissue 
fluid into the blood from the intact regions of the body with presumably normally 
functioning vessels, such as seen after hemorrhage, but there develops a pro- 
gressive liemoconcentration. Our own investigations have shown, moreover, 
that in histamine shock the colloid osmotic pressure of the serum is not decreased 
but is appreciably increased. These observations militate against the correct- 
ness of the conceptions underlying the presently widely used colloid therapy 
of shock. 

It is essential, when drawing conclusions from the colloid osmotic pressure 
oS ptasma. wwi As xwriom cwaV&ttsAton sveen it> lacV 

that no direct relations exist between colloid osmotic pressure and the molecular 
size of a particular colloidal agent. Membrane permeability of raacromolecules 
not only depends upon the weight of the molecule, but also upon its configura- 
tion (symmetrical, asymmetrical, globular, filamentary), its water binding power 
(hydrated shape and size), its state of association (molecular or micellar), its 
shape in solution (stretched or unstretched), the pore size of the membrane, 
and the presence of detergents (Meyer). Meyer noted that methyl cellulose 
is conceivably stretched when associated to form micells and resembles poly- 
peptides in this respect The globular shape of the serum albumins and globulins 
with their relatively large diameter in relation to their molecular weight con- 
trasts sharply, therefore, with the filamentary molecules of gelatine, fibrinogen, 
methyl cellulose, polyvinyl alcohol and pectin, which possess a comparatively 
small diameter in regard to their molecular w eight. It is notew orthy moreover 
that the same factors influence the viscosity of their solutions, as solutions of 
globular molecules have a much lower viscosity than those of filamentary 
molecules. 
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. P rev ’ ous studies attention was called to the pathological lesions observed 
m the hearts and arteries of shocked animals. The histological investigations 
made of the tissues of the present series confirmed and extended these findings 
(myocardial degenerations and calcifications, fibroblastic 6cars in myocardium, 
medial degenerations and intimal thickening in aorta) which will be reported 
elsewhere in detail (22). The pathological and symptomatic observations made 
in these studies furnish a sound basis for the vasotonic therapy advocated. 
These experiments have shown that among the various vasotonic agents tried 
(S-methyl isothiurea sulfate, posterior pituitary extract, ephedrine sulfate, 
tyramine) 5-methyl isothiourea had the most prolonged and consistent effect. 
A cardiovasotonic therapy in conjunction with a colloidal one appears to be a 
rational procedure in the management of shock. 

The histological examination of the organs of dogs shocked with histamine 
dihydrochloride and treated with methyl cellulose and 5-methyl isothiurea solu- 
tion, which died during the 8 to 18 hour period or were sacrificed 8 days after 
the shock, showed a complete absence of any storage phenomena or any other 
lesions indicative of organic injury attributable to the therapeutic agents used. 
All changes observed (gastric ulcers, hepatic congestion, necroses and interstitial 
brosis, myocardial degeneration, hemorrhages, calcifications and fibrous scars, 
odenal hyperemia and hemorrhages, necrosis and edema of gall bladder, 
'splenic hemorrhagic infarctions) were caused by the circulatory disturbances, 
the associated anoxemia and the repara tory manifestations associated with 
the shock. 


CONCLUSIONS 

Dogs shocked with graded doses of histamine dihydrochloride suspended in 
an oil-Falba vehicle and treated with solutions of methyl cellulose of different 
molecular weights combined with S-methyl isothiourea sulfate showed an appre- 
ciable lengthening of the survival time and the survival rate. 

These effects were most striking when a 0.075% methyl cellulose (4000 cps.) 
solution containing S-methyl isothiourea sulfate (1 '. 1000) was used. 

The combination of the colloidal agent with the vasotonic gave considerably 
better results than each agent used separately. 

Among the various vasotonic agents tested (S-methyl isothiourea sulfate, 
posterior pituitary extract, ephedrine sulfate, tyramine) the S-methyl isothio- 
urea gave the most prolonged vasopressor reaction, which was less acute but 
more persistent when the S-methyl isothiourea was administered in the viscous, 
colloidal methyl cellulose solution. 

The various hematic reactions studied (plasma viscosity, colloid osmotic 
pressure of serum, packed blood cell volume, number of erythrocytes) indicate 
that the favorable effect of the treatment used is not related essentially to the 
colloid osmotic pressure of the liquid introduced. 

The evidence advanced shows that the therapy used does not cause any 
demonstrable ill effects attributable to the physico-chemical properties of the 
colloidal and vasotonic agents. 
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NARCOSIS INDUCED BY CARBON DIOXIDE AT LOW 
ENVIRONMENTAL TEMPERATURES 1 
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The total oxygen consumption of the albino rat is reduced significantly when 
this animal is placed suddenly in an atmosphere containing 10% CO, (1). It 
is difficult to determine by observation alone whether or not a parallel decrease 
in the total body activity of the animal occurs since the hyperpnea is so marked 
as to obscure any manifestations of depression. In normal man, unconscious- 
ness usualh- occurs at this level of CO; in spite of the dyspnea, indicating that 
some structures within the nervous system are depressed. Since it is of some 
theoretical, as well as practical interest to know whether or not this and lesser 
concentrations of carbon dioxide exert a depressant action, the following experi- 
rnents have been undertaken. The}- have been based on the fact that even 
iriinor grades of depression reduce the capacity of an animal to adjust itself to a 
.cold environment (2). The results obtained, even with the lower concentrations 
of CO;, were so striking that parallel experiments have been made with other 
agents in order to determine, if possible, the relation of the phenomenon to 
total oxidative metabolism. 

Method. The experiments were conducted in a 700-liter insulated chamber which could 
be maintained at the desired temperature by operation of the contained refrigeration unit. 
The air in the chamber was agitated by the fan of this unit. The chamber was connected 
in series with a 100-liter spirometer, a 200-liter tank (to increase volume of system), and a 
200-liter animal chamber (maintained at room temperature)- Circulation throughout 
the whole closed system was maintained by means of a small blower. A third animal 
chamber of 100 liter capacity was constructed of glass and placed within the large cold 
chamber. This third chamber contained a thermostatically controlled heating element, 
and the gas circulating from the remainder of the system was passed through this chamber 
before entering the cold chamber. It was possible, therefore, to expose different groups of 
animals to the identical CO;-containing atmosphere at room temperature and at two other 
temperatures simultaneously. 

The experiments at high 0- tensions were carried out in a small bomb placed in the cold 
chamber and connected to an oxygen cylinder. Carbon dioxide was removed by soda lime 
so that the concentration in the bomb never exceeded 0.3%. 

Rats, rabbits and dogs served as the experimental animals. The rats were placed in 
small individual wire cages with wooden floors to avoid excessive heat loss by contact with 
metal. The cages were small enough to restrict activity but not to cause excessive heat 
loss by conduction through the wire screen. The rabbits and dogs were placed directly 
in the large chamber with shavings covering the floor. 


1 Supported by the Wisconsin Alumni Research Foundation. 

t Present location. University of Michigan Medical School. 

K preliminary report was presented to the American Physiological Society, Chicago, 
April, 1941. (Am. J. Physiol., 133 : 202, 1941.) 
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Results A Narcosis induced by CO 2 and cold When animals are placed 
in a suitable CO 2 containing atmosphere at an environmental temperature of 
5°C , narcosis is produced The time required to produce the state of narcosis 
vanes with the concentration of the gas, the species, and pre\ ious condition of 
the animal used As shown in table 1,11% CO- at an environmental tempera 
ture of 5°C appeared to be the optimum concentration for the production of 
narcosis in the albino rat, since the induction time was convenient and the rat 
show cd no ill effects when exposed to this concentration of CO 2 at room tempera 
ture (1) During the first two hours in such an environment the rat exhibits 
the usual respiratory response to C0 2 and polyuria occurs, but no other gross 
changes are observ ed Generalized shiv ermg and depression are then noted and 
*i fall in bod> temperature occurs As the bod} temperature decreases, the 
pulse and respiration also decrease The following events occur in sequence 
within G hours at the indicated body temperatures cessation of shivering, cessa 
tion of v oluntary movement at 23°C , disappearance of corneal and wink re 


TABLE 1 

Effect of various concentrations of COt on the production of norcoats in the albtno rat at 5°C 


CONCXMSATION 

NUM8EB or ANrUALS 

deduction inn 

COMMENT 

18% and above 

10 

hours 

<2 

100% narcosis 

15% 

5 

2 3 

10 0% narcosis 

11% 

100 

3-6 

Occasional resistant ammal 

5% 

12 

12 20 

One resistant Up to 48 hours 

0% 

15 

13-25 

Three resistant up to 48 hours 


flexes at 1G-17°C , and finally death at approximately 14°C During narcosis 
(body temperature 16-20°C ), the heart rate is between 30 and 100 per minute 
and the electrocardiogram shows a reduction in the P wave and A V block 
changes that are al^o characteristic of hibernating animals The respirator} 
rate is between 1 and 20 pei minute No c}anosis is observed at any time 

After narcosis is induced it is necessary to raise the environmental tempera 
ture from 5°C until it approaches the experimental body temperature if re 
co\ ery of the ammal is expected When the rat is exposed to 11% C0 2 , the critical 
environmental temperature for the prolongation of this state appears to be 21°C 
Abo\e this temperature the rate of heat production exceeds that of heat loss 
the rat gradually regaining a normal bod} temperature and activity "When the 
rat is allowed to breathe room air during narcosis the critical env ironmcntal tern 
perature for maintenance of this state is 19°C In either 11% CO or air, an 
en\ ironmental temperature below 14°C produces a progressive fall in body 
temperature dunng narcosis, and death occurs m a few hours Rats may be 
maintained m the narcotized condition up to 24 hours if the environmental 
temperature is kept betw een 18°C and 20°C 5 How ever, since states of low tred 

* If the state of narcosis is maintained for several hours a marked opacity of the eyes is 
noted This state is completely reversible, disappearing as the body temperature returns 
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body temperature are associated with pulmonary edema (5), respiration Ms 
gradually, and death occurs in most animals which have been narcotized longer 
than 15 hours. 4 

Wien the narcotized animals are removed to air at room temperature no 
convulsions are seen. Ninety-five per cent recover within 2 to 3 hours after 4 to 
5 hours of narcosis, but the incidence of survival decreases markedly if narcosis 
is prolonged. 

The acid-base balance during narcosis was determined on 3 rats which were 
removed from the large cold chamber as soon as narcosis was induced by 11% 
OO 2 and placed immediately in the small animal chamber at a temperature of 
20°C. where they were exposed to the same atmosphere. Two hours later 
arterial blood samples were taken from the aorta and analyzed by the method 
of Shock and Hastings (6) for pH and C0 2 content. At the temperature of the 
animal (20°C.), the pH of the blood was found to be 7.04 (range, 7.00-7.07), 
and the C0 2 content 110 vols. % (range, 107-114). The total CO : content 
checked well with values previously reported for the fourth hour of acute expo- 
sure to 11% C0 2 at room temperature, but the pH was lowered, probably due 
to the increased solubility of H 2 CO a at the lowered body temperature. 

A similar type of narcosis may be produced in the rabbit by concentrations 
of 18% C0 2 , or above, at an environmental temperature of 5°C. Reflexes dis- 
appear before a body temperature of 25°C. is reached, and at a temperature of 
19°C. the respiration is 3 to 22 per minute and the heart rate approximately 30 
per minute. Upon removal to air at room temperature, practically all rabbits 
develop tetanic convulsions which may be relieved by C0 2 administration. Sur- 
vival following this procedure is rare since the high concentration of COs nec- 
essary to produce narcosis in this animal causes extensive pulmonary edema (1). 

In the dog, a concentration of 16% C0 2 at 5°C. will produce narcosis in 26 
hours. At a body temperature of 19°C., reflexes are abolished, the respiration 
is 5 per minute and the heart rate 10 per minute, with a femoral pulsus trigemi- 
nus. Upon removal to room atmosphere and temperature, tetanic convulsions 
occur which are relieved by C0 2 administration. The body temperature re- 
turns to normal in about 24 hours and recovery occurs. Tarry stools are noted, 
indicating congestion of, and hemorrhage from, the gastrointestinal tract. 


to normal. Histological examination indicates that this opacity is located in the lens cap- 
sule, We have observed it also in states of lowered body temperature produced by cold 
and high oxygen and by morphine and cold, and Sclye (3) states that it way result from any 
severe injury to the organism. In this connection it is of interest that turn Suden (4) 
reports that such subcapsular lens opacities miry be produced by toxic doses of adrenaline 
and increased by histamine and that they “appear to be related to some aspect of carbo- 
hydrate disturbance . - - and the concomitant circulatory impairment.” 

* An incidental objective of the present study has been to induce hibernation in non- 
hibernating animals. If the pathological changes in the membranes of the eye and the 
lung serve as an index of similar changes which are occurring generally throughout the body 
during exposure to cold, it seems improbable that this objective will be attained. 
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B Factors modifying the 'production of narcosis 
1 Controls In a previous paper (1) we have reported that at ordinary tem 
peratureB albino rats may be exposed to 11% C0 2 for at least 30 days with few 
untoward effects 

The data in table 1 indicate that under the conditions of these experiments, 
m which movement of the animal is restricted by the small cage, 25% of the rats 
are narcotized at a temperature of 5°C , even when breathing air, although it re 
quires longer than 12 hours of exposure to induce tins state Rats allowed full 
freedom of movement are unaffected by 7 days of exposure to a temperature of 
5°0 (See also (7) ) Therefore, under ordinary conditions neither the con- 

TABLE 2 


Factors affecting the induction of narcosis in the albino rat with 11% COj at 6*0 


PREVIOUS CONDITION 

NUMBER or 

ANIMALS 

INDUCTION 
TIME IN 1 1% 

COiATS’C 

COMMENT 



hours 


Normal males 

10 

3-6 


Normal females 

10 

3-6 


Young rats (150 gms ) 

10 

3-6 

5% mortality 

Old rats (300 gms ) 

10 

3-6 


Dehydration 

s 

3-6 


Starvation 

3 weeks in 10% O: 

40 

18 

2-4 

2 3 

| 50% mortality 

16 hrs in 11% CO: 

5 

3-6 


24 hrs in 11 20% CO: 

10 


No narcosis 

"Repeated narcotizations 

30 

0-12 1 

Some convp\ete\y resistant 

7 days at 5*C 

5 


No narcosiB 

Thyroid administration 

6 


No narcosis 

Dmitrophenol administration 

4 

3-4 

No significant change 


centration of CO* used here nor the temperature employed is alone sufficient 
to induce narcosis 

2 Concentration of CO The effect of vaiymg the concentration of CO* on 
the time necessary to induce narcosis at a temperature of 5°C is shown in table 
1 It is evident from the=e studies that all concentrations of COj abov e 5% ha\ e 
certam narcotic properties It is quite clear that either the temperature regula 
tory mechanism is rendered inactive or heat production is reduced or both, 
since 5% CO at 5°C produces narcosis in 90% of the animals while cold alone 
produces narcosis in only 25 per cent of the animals under the conditions of these 
experiments 

3 Preiious treatment or condition of the rat Certam factors which influence 
the production of narcosis aic presented in table 2 Weight, sex, and previous 
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dehydration have no appreciable modifying effect, the induction time varying 
between 3 and 0 hours in all cases. This is considered to be the normal time 
range for the production of narcosis by 11% CO, at 5°C. 

Fasting or previous exposure to 10% 0, increase the susceptibility of the rat 
to the narcotic action of 11% CO, at 5°C. Withholding food for 24 hours before 
exposure decreases the induction time to 2 to 4 hours and increases the mortality 
from 5% to nearly 50%. A similar increase in susceptibility is observed in rats 
which have lost weight steadily during three weeks of exposure to 10% 0 2 . In 
this state, as in acute starvation, glycogen stores are reduced and a metabolic 
acidosis exists. 

Previous exposure to 11% CO, for 16 hours or less before lowering the environ- 
mental temperature to 5°C. does not affect the onset of narcosis. On the other 
hand, rats which have been acclimated to 11 to 20% CO, at room temperature 
for 24 hours or longer, do not become narcotised when they are subsequently 
exposed to 11 or even to 20 per cent CO, at 5°C. Repeated narcotization with 
CO, at 5°C. at intervals of 4 to 10 days increases the induction time from 3-G 
hours to 6-12 hours, and a few rats become completely resistant. The resistance 
to narcosis developed by either of the above methods disappears fairly rapidly 
and is completely absent within 2 to 3 weeks. 

Increasing the basal metabolism of the rat confers immunity to the narcotic 
action of 11% CO, at 5°C. Exposure of the rat to a temperature of 5°C. in air 
for a week will increase the metabolic rate (7, 8, 9, 10). Such exposure com- 
pletely prevents the production of narcosis when 11 to 20% C0 2 is subsequently 
applied at 5°C. Administration of desiccated thyroid in doses of 1 gram per 
kgm. orally on three successive days increases the oxygen consumption 20 to 
45% by the third day following the last dose and exposure to 11% CO, at 5 C C. 
at this time produces no narcosis in 24 hours. Smaller increases in metabolism 
prolong the induction period up to 36 hours but the animals finally become 
narcotized. 

The administration of 30 mgm./kgm. of dinitrophenol intragastrically does not 
affect the induction time, although, according to Tainter (11), this dose is suf- 
ficient to cause a 100% increase in the oxygen consumption in rats at 25°C 
These results might be expected in view of Tainter’s observation that this dru] 
causes a slight decrease rather than an increase in metabolism at Ion- environ 
mental temperatures. 

C. Narcosis with low oxygen tensions and cold. Since Gellhorn (12) has notcc 
a fall in body temperature in mice exposed to atmospheres containing 10^ 
oxygen, and a greater fall when 3% CO, is added, the effect of low oxygen ten 
sions on the production of narcosis by CO, and cold was studied. The result, 
are shown in table 3. It will be seen that whereas atmospheres containing 10% 

Oi and 90% nitrogen at an environmental temperature of 5°C. will produce nar- 
cosis in 29 to 32 hours, the addition of 5% CO, will reduce the induction time tc 
from 7 to 11 hours. Five per cent CO, in air at 5°C. will produce narcosis m 1 
to 20 hours. Thus, an increase in the CO, concentration from 0 to 5% is a more 
effective means of inducing narcosis at 5°C. than a reduction in the O: concern 
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tration from 21 to 10% Moreov er, the type of narcosis produced by Ion oxygen 
tensions at 5°C is dissimilar to that induced bj r C0 2 and cold As the body tem- 
perature falls the rats lose their sense of equilibrium and mov e with a peculiar 
rolling motion associated with clonus Movements persist until the body tern 
perature falls below 20°C , and death occurs before a body temperature of 10°C 
is reached 

D Narcosis with high oxygen tensions and cold Campbell reports that at 
high tensions of oxjgen there is a fall m body temperature (13) and a marked 
increase in the CO 2 content of the tissues (14), the concentration of CO. in tis 
sues being as high as 30% at four atmospheres oxj gen pressure Bean and Bohr 
(15) demonstrated that the effects of high oxjgen tensions on smooth muscle 
were similar to those produced by low oxygen tensions and by cyanide, and Bean 
(1G) showed that high oxygen tensions decrease oxygen consumption The 
effect of high oxygen tensions on narcosis was therefore tried, and the results are 
shown in table 3 It wall be seen that oxygen under four atmospheres pressure 

TABLE 3 


The incidence of narcosis m the albino rat induced by low and high oxygen tensions at 5°C 


CAS CONCENTRATIONS 

NUMBER OR 
ANIMALS 

NUMBER 

NARCOTIZED \ 

* mttN IS uotris ; 

INDUCTION TIME 

21% oxygen (air) 

15 

3 

hours 

13 25 

31% 0,, 5% CO, 

32 

11 

12 20 

10% Oi, 5% CO, 

5 

.5 

7-11 

10% O,, 90% N, 

10 

9 

29-32 

400% O, 

3 

3 

6 

100-200% O, 

2 

0 



at a temperature of 5°C will produce narcosis in G hours The narcosis resem- 
bles that produced by low oxygen tensions and cold, except that tetanic con- 
vulsions occur on removal Clouding of the eyes is noted, the cloudiness dis- 
appearing 4 hours after remo\at Tetamc contractures of all skeletal muscles 
initiated by handling or other stimulation occur for 24 hours following remov al 
Death occurs from pulmonary congestion One and two atmospheres of oxygen 
at 5°C are not effective in 48 hours 

Discussion From the above experiments it is evident that all concentrations 
of COj abov e the phy siologic level interfere with the capacity of an animal to 
adapt itself to a cold environment when such concentrations of C0 2 are applied 
acutely, but that even 20% C0 2 may be tolerated by the rat after 24 hours of 
exposure to C0 2 These results maj be correlated with the effect of CO 2 on 
oxidations since, as shown m a previous paper, oxy gen utilization is reduced 
during the first 6 to 8 hours of exposure but returns to normal w ithm 24 hours 
Fuither evidence that the interference with temperature regulation by COi is 
probably due to a general decrease in oxidations and not solely to a central de- 
pletion of the temperature regulatory centers xs afforded by the protection 
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conferred when the metabolism is increased by exposure to cold or by thyroid 
administration. Apparently, when the level of metabolism is raised sufficiently, 
the decrease in oxidations induced by acute exposure to CO; is not great enough 
to lower the heat production to the point where it is exceeded by the heat loss, 
and thus no lowering of body temperature with resulting narcosis occurs. The 
fact that a somewhat similar although not identical state may be induced bv de- 
creasing the available or utilizable oxygen by exposure to low or high tensions 
of oxygen is consistent with this explanation. 

A comparison of the effects produced by CO; and diminished oxygen at low 
environmental temperatures indicates that all concentrations of CO; above the 
physiologic level have a depressant action on the central nervous system when 
applied acutely. In narcosis induced by low oxygen and cold, voluntary move- 
ments persist until the body temperature falls below 20°C., or nearly to the tem- 
perature at which cold alone is sufficient to maintain narcosis. However, during 
narcosis induced by CO; and cold, voluntary movement ceases before a body 
emperature of 23 °C. is reached, indicating additional depression of the animal 
Dy the CO;. 

The narcotic state produced by CO; and cold resembles in certain respects 
both anesthesia and hibernation. The bradycardia, cardiac rhythm, bradypnea, 
hypothermia and low pH are similar to those found in true hibernation, and the 
complete relaxation and absence of reflexes are similar to those in anesthesia. 
This narcotic state differs from hibernation in that the animal can not be aroused 
by stimulation and death occurs if the body temperature is reduced below a 
clearly defined level \vhich is considerably above that tolerated by hibernating 
animals. 


SUMMARY 

A reversible state of narcosis having certain characteristics of both hibernation 
and anesthesia may be induced and maintained for many hours in the rat and 
dog by sudden exposure at 5°C. to concentrations of CO; of 5 per cent or greater. 
In this state the rat has a body temperature of 1G-20°C., a heart rate of 30-100 
per minute, and a respiratory rate of 1-20 per minute. When the rat is respiring 
11% CO; at 5°C. the CO; content of the blood may reach 110 volumes per cent 
and the plasma pH a level of 7.07. A similar state may be induced in the rabbit 
by 20% CO; and cold but it is not reversible because of the fatal pulmonary 
edema. 

Rats are rendered more susceptible to this state by fasting, prolonged (three 
weeks) exposure to 10% O;, or by administration of small doses of depressant 
drugs. 

Repeated narcotization by this method at intervals of several days; acc i- 
matization to cold or to CO; for several days; or previous thyroid feeding; renders 
the rat partially or completely resistant to the narcosis induced by 11 Jo tOi 

at 5°C. 

A state of depression somewhat similar to, but not identical with, that ■ dc 
scribed above may be produced in rats by exposure to low oxygen tensions ( ,c 
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or to high oxygen tensions (4 atmospheres) at an environmental temperature 
of 5°C 

It is belic\ ed that these experiments f urnish additional evidence to support 
the view that a sudden and veil marked increase in the tissue tension of CO 2 
produces a definite, if temporary, decrease in the total oxidative metabolism 
and a parallel reduction in activity of certain body tissues including some por 
tions of the nervous system 

The authors are indebted to Dr W J Meek for taking and interpreting the 
electrocardiograms 
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The peculiar property of colcliicine of arresting mitosis in the metaphase has 
formed the basis of its wide application as an aid in the study of the action of 
administered hormones. The growth effects of oestrogens, androgens, proges- 
terone, pituitary extracts, gonadotropic substances and desoxycorticosterone, 
have all been determined when given along with colchicine. In these instances 
the alkaloid has been employed primarily to emphasize the known reactions of 
the administered hormones, to assist in determining their minimum effective 
doses and the time of earliest response. 

Few workers, however, have studied the possible potentiation of hormone 
actions by means of colchicine. Havas (I) found that if young bitterling 
males were placed in colchicine solutions “nuptial” colors developed in approxi- 
mately the same time (20 hours) as those receiving intraperitoneal injections of 
testis extract. Combination of the two treatments reduced the time to 1.5 
hours. Mann (2) reported an augmentation of the effect of follicular hormone 
and testis extract on the oxygen consumption by fish by means of the alkaloid. 
Higbee (3) found that the injection of colchicine into 24-hour chick embryos re- 
sulted in comb and wattles approximately twice the normal size — possibly as a 
result of a potentiation of hormonal effects. 

These indications of a synergism between colchicine and endocrine substances 
led us to examine the effect of the alkaloid and other substances on pituitary- 
induced ovulation. The ovary of the frog is especially convenient for such a 
study since ovulation can be induced by the action of pituitary in vitro (4, 5). 

Materials and methods. All experiments were carried out between January 15 and 
March 15 on large female frogs (/? ana pipiens) collected in New York and Vermont. 

For the in vitro studies the ovaries were carefully dissected out and each suspended in a 
total volume of 30 cc. of Ringer’s solution containing frog pituitary together with the 
substance or substances to be tested. Female pituitaries only were used. Usually a largo 
number of glands (24-72) were removed fresh, finely macerated in a small amount of distilled 
water, and taken up in a large volume of Ringer's. The equivalent of 2 pituitary glands 
was then pipetted into a Petri dish into which one ovary was placed. By this means fluctua- 
tions in potency of individual pituitary glands was eliminated. Each experiment was 
allowed to run 33 or 36 hours and the number of extruded eggs counted. By this time egg 
extrusion is practically finished and putrefaction has not ostensibly started. Records n ere 
kept of the temperature at the beginning, during, and at the termination of experiments. 
The greatest temperature range for a single experiment was 17° to 21 °C.; and the extremes 
for the whole experimental period were 17° and 22.5°C. 

The pH of the Ringer’s solution was not significantly altered by the substances used 
except in the case of 1% colcliicine which was definitely acid. However, immersion of ( ic 
ovary in this solution brought it to approximate neutrality. No significant difference m 
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the pH of the experimental and control solutions containing the ovaries was encountered 
m measurements made at the conclusion of the experimental period The pH in most 
cases was found to be 7 0-7 3, the extremes being 6 7 and 7 4 Measurements were made 
by means of the glass electrode 

Two samples of colchicine w ere studied (1) a fraction obtained from Eiracr and Amend 
(m p I37-141°C (corr }), with which most of the work was done, and (S) a highly purified 
fraction obtained through the kindness of Eli Lilly & Company, (m p 156-157°C (corr )) 
No special precautions were taken to protect the colchicine solutions from light other than 
to store them in the ice box between experiments Indication of deterioration was not 
found when n freshly prepared solution was compared with one of the same concentration, 
6 weeks old This is in keeping with Blakcslee and Avery’s (0) finding that colchicine is 
quite stable m solution 

Differences between left and right ovaries Although the difference 
between the left and right ovary of a pair is somewhat incidental to the main 
subject of this paper it might well be discussed at this point. It was observed, 
after a number of experiments had been made, that the left partner of a pair 
of ovaries was frequently larger than the right In view of this it was possible 

T4.BLE 1 


Number of eggs released by, and weights of, left and right oiaries 
Values are arithmetic meins ± estimated standard error of mean 



NO OP 
FAIRS 

ITT OVARY 

RT OVARY ! 

g 

VALUE OP P 
and sicNrn 
CANCE 

Aver no of eggs ex 
truded 

21 

5S1 ±33 

476 ± 29 

1 

105 ± 20 1 

10-« s 

Aver wt of ovanes 
(gm ) 

20 ' 

5 72 ± 0 24 


1 42 ± 0 1G 

10"'* s 


that with any given experimental treatment the left ovary w ould extrude more 
eggs than the nght Smce the number of eggs extruded was the response em- 
ployed for testing the action of colchicine and the other substances, it became 
important to determine the equivalence of nght and left ovaries m this regard 
Each ovary of 21 pairs was treated with the equivalent of 2 female frog pitui- 
tanes plus 5 X 10~ s concentration of colchicine m 30 cc of Ringer’s solution. 
The number of eggs extruded by left and nght ov aries was counted after a 36- 
hour interval The results are summanzed in table 1 In 18 of the 21 cases 
moic eggs were released by the left ovary In the other three the differences 
were not striking, the total for the three left ovaries being 1232 eggs as compared 
with 1271 foi the nght ovanes 

The indiv idual weights of left and right ov aries w ere next compared Twenty 
pairs were examined and m no case was the nght partner as heavy as the left 
(table 1) Occasionally the discrepancy is very striking, e g , in one pair, not 
included in the table, the left ovary weighed 14 3 grams, the right 4 2 grams 
The ratio of the total w eights for left and right ov aries is 1 3 T he ratio of the 
total eggs released foi left and nght ovanes is 1 2 The difference m the number 
of eggs extruded by right and left ovanes is thus apparently to be correlated with 
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a difference in weight (and accordingly the number of ripe ova) between the two 
members of the pair. 

Potentiation of pituitary-induced ovulation in the isolated ovaiit. 
The effect of 9 separate concentrations of colchicine on pituitary-induced ovula- 
tion has been studied. Data relating to the number of pairs of ovaries examined 
in each separate concentration, total number of eggs released at the end of 33 
hours, and the number of left and right ovaries recorded are given in table 2. 
The average number of eggs released in the different dilutions is graphically 
represented in figure 1. The equivalent of 2 female pituitary glands was used 
throughout and the total volume of fluid in each dish was 30 cc. Ringer’s solution 
without sodium bicarbonate was generally used, but in two series of experiments 
where it was added the results differed in no observable manner from the others. 
In our preliminary studies we were unaware of the difference between left and 
right ovaries and no record was kept as to which member of a pair was placed 


TABLE 2 


The action of colchicine at various concentrations on •pituitary -induced ovulation in vitro. 
2 female pituilaries per ovary 


CODCmCINE 

CONCE.VTKAnON' 

*AIKS OF OVARIES 
STUDIED 

OVARIES IW 
COLCHICINE 
LETT + RIGHT 

TOTAL NO. Or TOGS EXTRUDED 

ratio: 

COLCHICINE -TREATED 

CONTROL 

Colchicine- 

treated 

Control 

10-' 1 

6 

3 + 3 

1,841 

2,265 

0.8 

lfr-5 

9 

4 + 5 

1,910 

1,654 

1.2 

10~‘ 

9* 

3 + 3 

4,025 

1,345 

3.0 

5 X 10-* 

9 

3 + 3 

4,943 

2,737 

1.8 

io-« 

9 

3 + 3 

4,980 

1,907 

2.5 

5 X 10* s 

9 

3+3 

5,251 

2,062 

2.5 

10 -* 

9 

3 + 3 

5,133 

2,646 

1.9 

lo-» 

9 

3 + 3 

4,0S2 

2,572 

1.0 

lO-’ 

3 

2+1 

2 

650 

0.0 


* One pair of ovaries in the dilutions l(U*-lCr J inclusive, received 1.83 pituitaries. 


in the colchicine solution (table 2, columns 2 and 3). In all subsequent work 
left and right ovaries were, as far as possible, equally divided between experi- 


mental and control groups. 

It is evident from an examination of the recorded data that a 10~ : solution of 
colchicine decidedly inhibits pituitary-induced ovulation; concentrations of 
lO^’&nd 10~ 7 appear to have no significant action; the other six dilutions po- 
tentiated the pituitary effect. If the total number of eggs released is used as 
the criterion of effectiveness, then 5 X 10~ 6 is the optimum concentration of the 
dilutions studied. The greatest ratio of eggs extruded (colchicine treated/con- 
trol) was obtained with the lO" 5 solution, but here the number of control eggs 
released was the lowest for all groups— with the exception of the 10** concen- 
tration where 3 pairs of ovaries only were studied— and as the ratio os altered 
(n-catlv by this number (see below), little significance can be attached to it. _ 

Not only was the total number of eggs freed at the end of the 33-hour expen- 
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mental period recorded, but counts were also made in many cases, (12 pairs) at 
3-hour intervals beginning with, or shortly before, the extrusion of the first eggs 
and continuing until the experiment was concluded. By this means we were 
able to demonstrate that colchicine-trcated ovaries: (/) start extruding eggs 
earlier than the non-treated partners and (2) lcleasc eggs at a greater rate. 
A typical result is shown in the form of a graph in fig. 2 and a representative 
photograph in fig 3. The picture was taken 24 hours after treatment began 
and shows clearly the larger number of eggs released from the colchicine-treated 
ovary which, in this case, is the right ovary and is visibly smaller than its left 
Control. 



Fjo 1 Average Number of Bgc.s Released in vitro from Control and Colohicinb- 
Treated Ox arif s after a 33 not R Intervai 

Control ovaries received 2 female pituitnrics, the others the same amount of pituitary 
plus the concentrations of colchicine indicated 

The r61c of colchicine m potentiating pituitary-induced ovulation can be 
shown even moic strikingly by adding the alkaloid to ovaries treated with a 
threshold dose of pituitary. The equivalent of 0 25 pituitaries was added to 
one member of a pair of ovaries in 30 cc. of Ringei s containing colchicine in a 
concentration of 10“\ while the other member received the same concentration 
of pituitary but no colchicine. Counts were made after 32 hours. In experi- 
ments with 8 pairs of ovaries (table 3) the colchicine-treated ovaries released a 
total of 1351 eggs as compared with 38 eggs from the ovaries which did not 
receive colchicine u, a ratio of 35 C (see reference to ratio above). Six of the 
8 ovaries which leceived no colchicine failed to extrude eggs. 

The possibility of the induction of ovulation in intro by colchicine in the ah- 
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Fw . 2 , Number of Eggs Extruded rt Two Ovaries of a Pair, One of Which Was 
Treated with Pituitary Pecs Colchicine and the Other with 
Pituitary Alone {Control) 

The points indicate the number of eggs released during a 3-hour interval. Colchicine 
concentration: 5 X 10~ 4 . 2 female pitmtaries in 30 cc. of Hinger’s solution on each ovary. 



Fib 3. Two Ovaries of a Pair, One of Which Was Treated with Pituitary Pu s 
Colchicine (on the Right) and the Other m ith Pituitary Alone 
Photograph taken 24 hours after beginning of treatment Recrystidlired colchicine 
used in concentration of 2 X HC 5 . The equivalent of 2 female pituitary glands m 30 cc. 
of Ringer’s solution added to each. 
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sencc of pituitary has been studied In expenmcnts in which o\aries weie 
immersed m 10 -s and 5 X 10~ 5 colchicine it was found that of 14 ovaries sub 
jetted to colchicine treatment 10 released no eggs and 4 a total of onlj 20 eggs 
Colchicine alone, therefore, has little or no direct action on o\ ulation 
PorLNTivriON of pituit\r\ induced o\ ulation in iuo After the demon 
stration of the augmentatn c effect of colchicine on pituitary induced ovulation 
in vitro an attempt was made to obtain similar results in the intact animal 


TABLE 3 

Colchicine potentiation of a sub optimal dose of pituitary ( 0 25 piluitanes per oiary ) as 
measured by number of eggs released after 32 hours 


EXFtSlUENT 

ECCS KEISASED PEE OVA.** 

Colch c ne treated 

Control 

1 

212 

6 

2 

30 

0 

3 

172 

0 

4 

0 

0 

5 

10 

0 

6 

hi 

0 

7 

113 

0 

8 

713 

32 


1 351 

33 


1ABL1 4 


Colchicine stimulation of oiulalion tn thctntacl animal 
\ alues are arithmetic means db estimated standard error of mean 



nmes 

uoaaTJm* 

| AVEB \ T ABIES AT AUTOPSY j 




TEXIMENT 

Controls 

Cold) c ne 




I 

3 

hours 

74 

15 0G dr 0 89 

7 26 rfc 3 13 

7 SO ± 3 27 

0 1-02 

N S 

II* 

4 

47 

8 OS dr 0 92 

7 18 rfc 2 92 

0 00 rfc 3 06 

0 7-08 

N S 

III 

10 ! 

60-61 

8 36 db 2 00 

2 2S rfc 0 78 

6 OS rfc 2 23 

0 02 -0 05 

S 

I III 

17 


9 48 ± 1 30 

4 31 rfc 1 13 

5 17 d: 1 72 

0 001-0 01 

s 


* Includes one animal th it h id died 


Seventeen pure of frogs, matched in weight were studied in three groups The 
lesults arc summarized in tabic 4 One animal of each pair receded intra 
pentoncallj the equn alent of one half pituitary in 1 cc of Ringer’s plus 0 5 cc 
of 5 X 10 4 colchicine, the other the same amount of pituitarj plus 0 5 cc of 
Ringers The frogs were killed 74 hours (group I), 47 hours (group II) and 
60-01 hours (group III) later and the weight of the oaarics taken as an index 
of the number of eggs released The o\ ancs were carefullj dissected free, the 
excels fluid remo\ ed on blotting paper, and weighed to the nearest 0 01 gram 
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Although the results obtained in the first two groups are suggestive of col- 
chieme potentiation, they are not statistically significant. The data of Group 
III, however, are significant and also the results from all groups when treated 
together. P values are included in the table. 

A photograph of the ovaries at autopsy of a pair of animals from Group 111 
is shown in fig. 4. 

The dose of colchicine may have been unnecessarily high: one animal died in 
each of the first two groups and the viscera of the colchicine-injected frogs were 
in some cases more congested than that of the controls. 



Fig. 4. The 2 lower ovaries were taken from a frog 60-61 hours utter an injection of 0.25 
female pituitarics plus 0.5 cc. of 5 X 10 _< colchicine. The upper ovaries were token from a 
frog of approximately the same weight which had received the same amount of pituitary 
but no colchicine. A portion of the upper right ovary which has released eggs appears 
grayish in the photo. Nearly every ripe egg has been released by the lower pair of ovnrios. 

It may be mentioned that to demonstrate colchicine potentiation by this 
method a sub-optimal dose of pituitary should be used, since an optimal dose 
would release all, or nearly all, of the ripe eggs from the ovary even in the ab- 
sence of colchicine and thus no difference would he apparent. This occurred 
in 2 cases in Group III, table 4. 

An attempt was made to stimulate the pituitary of intact animals by means 
of colchicine. Eight animals, 53-65 gm. in weight were used— four were given 
0.5 cc. of 5 X 10-* colchicine intrapcritoneally and four, of approximately similar 
size, 0.5 cc. of Ringer’s. One animal was found dead after 72 hours. Its control 
was kilted and both autopsied. No free eggs were found in either animal. 
Similarly, no indication of ovulation was obtained in the other 3 colchicine- 
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injected animals when autopsied two hours later This phenomenon has not 
been studied further 

Fertilization In view of the inhibitory effect of colchicine on cell division 
it was of interest to determine whether eggs released from the ovary of the intact 
animal as a result of the combined action of pituitary and colchicine could be 
fertilized and would undergo division Three frogs each received an injection 
of 3 female pituitanes and 0 2 cc of 5 X 10~* colchicine Three control animals 
received only the pituitanes A sperm suspension was prepared by macerating 
the testes of untreated frogs in diluted Ringer’s solution Eggs released from 
the ovanes of both colchicine treated and control frogs were stripped into the 
sperm suspension Nearly 100% of the eggs from the colchicine treated females 
were fertihzable as indicated by their orientation, but none was observed to divide 
Fertilization and division were normal m eggs from the controls Serial sections 
of the eggs from the colchicine treated animals have not yet been studied, how- 
ever, inhibition of normal maturation is to be expected 

TABLE 5 


The effect of certain chemical agents on pituitary tndueed ovulation in ti Iro Egg counts made 
after S3 hours 


AGENT USED 

CONCN 

no or 

EXETS 

TOTAL NO 07 EGGS 1 
BE LEASED 


Esptl 

Control 

CONTBOL 

Tapavenne 

10-‘ 

9 

1 641 

2,442 

0 67 

Adrenaline 

0 46 X 10-» 

6 

866 

2,027 

0 44 

Adrenaline 

0 92 x ia-» 

6 

542 

1,844 

0 29 

•Acetyl choline 

10-‘ 

5 

1,110 

1,185 

0 93 

Eeerine 

2 X 10-» 





•Acetanilid 

0 34 X 10-» 

6 

1 291 

1,303 

0 99 


* Total \olume 40 cc 


The action of other chemical agents on pituitary induced ovulation 
Studies of the action of papaverine, adrenaline, acetyl choline and esenne, and 
acetanilid on pituitary induced ovulation were made Table 5 summarizes the 
results of these experiments As m previous experiments 2 female pituitanes 
per ovary were used as the inciting dose and egg counts were made after 33 hours 
No derivatives of colchicine w ere available for investigation and there appeared 
to be no common organic compounds closely resembling colchicine in structure 
Rapavenne was considered because of its being a fairly complex alkaloid and 
possessing four methoxj groups like colchicine It was found to inhibit the 
action of pituitary (table 5) 

Raymond Hamet (7) and Busquet (8) found that colchicine augmented the 
motor and inhibitory effects of adrenaline and m v icvv of these reports adrenaline 
was studied Unlike colchicine, however, it definitely inhibited the release of 
eggs in the isolated ov ary (table 5) In the first experiment (G cases) no precau- 
tions were taken to protect the solutions from light In a repetition of this 
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experiment, however, the dishes were kept in the dark and adrenaline was added 
at the beginning of the experiment and then again 12 hours later when ovulation 
was just beginning. In this second experiment the ovaries were immersed in 
30 cc. of Ringer’s and 1.5 cc. of a 0.92 X 10~< solution added and then 12 hours 
later another 1.5 cc., the final volume being 33 cc. Both solutions were in- 
hibitory , the second slight!}' more than the first; but as more adrenaline was 
used in the latter this difference is not surprising. 

As we had somewhat unexpectedly obtained inhibition with adrenaline it was 
felt that it would be interesting to investigate the action of acetyl choline. There 
was no appreciable action (table 5). Aeetanilid was used because it, like col- 
chicine, possesses an acetyl-N grouping. It was found neither to stimulate nor 
to inhibit pituitary-induced ovulation (table 5). 

Discussion. It has been shown in the present study that colchicine will 
potentiate the action of anterior pituitary substance. That this effect is a true 
potentiation and not a simple algebraic summation of the individual actions of 
anterior pituitary and colchicine is obvious from the demonstration of the infin- 
itesimal action of colchicine when used alone. The mechanism of this positive 
synergism was not studied, but two possible explanations present themselves: 
(1 ) that colchicine renders the ovary more susceptible to pituitary', {£) that it acts 
directly on the macerated pituitary' tissue causing it to liberate more of the active 
principle or possibly' modifies the latter so that it becomes more potent. If the 
action is primarily' on the ovary, injection of colchicine alone into the normal 
intact animal would be expected to produce ovulation, only in the presence of 
sufficient pituitary substance in the blood, since it has been shown that colchicine 
alone is ineffective on the isolated ovary in the absence of pituitary'. Injecting 
frogs with colchicine did not result in the release of eggs. Perhaps, however, 
as the mating season is approached enough pituitary hormone would be present 
in the blood so that a colchicine effect would be demonstrable. If colchicine 
has a direct action on the intact pituitary, it clearly does not release sufficient 
hormone to cause ovulation. 

Six concentrations of the alkaloid were found to augment the action of pitui- 
tary, namely 10~ 3 , 10"', 5 X 10~ 5 , 10~ 5 , 5 X 10" 6 and 10-', and a rough relation- 
ship was found between these concentrations and the number of eggs extruded. 
The effect increased from the strongest active solution to reach a peak at 5 X 10~ s 
and then decreased to the 10~ 7 concentration, which was inactive. By consid- 
ering other factors, e.g., aeration, temperature, the amount of pituitary, etc., 
this relationship might be made more decisive and the method adaptable to the 
biological assay of colchicine. Moreover, Ryan and Grant’s (5) suggested 
method for the assay of pituitary might be made more sensitive by the use of 

colchicine. „ , 

Papaverine (10~ 5 ) and adrenaline (0.46 X 10 -i and 0.92 X 10" ) caused 
inhibition of ovulation in the isolated ovary but the possibility of potentiation 
in different strengths of solution must be borne in mind. However, it is to be 
noted that these agents proved inhibitory in concentrations of an order that were 
strongly augmentatory in the case of colchicine. 
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SUMMARY 

1. Colchicine in concentrations of 10 -s , 10~*, 5 X 10 -5 , 10~ s , 5 X 10~* and 
10 - * potentiated the effect of pituitary in causing ovulation m the isolated 
frog’s ovary. 10~* colchicine inhibited ovulation. 10 -7 and 10“ 8 solutions 
were "without effect. 

2. Papaverine and adrenaline inhibited pituitary ovulation in the excised 
ovary*. Acetyl choline with eserine, and acetanilid failed to modify the pituitary 
effect. 

3. Ovulation by injected pituitary in the intact animal was augmented by the 
simultaneous administration of colchicine. 

4. Colchicine alone failed to incite egg release both in vitro and in vivo. 

5. The left ovary was found to be larger than the right ovary and to extrude 
more eggs. There was a close correlation between ratio of weights for left and 
right ovaries and the ratio of number of eggs extruded by the left and right 
ovaries. 

6. Eggs from colchicine-injected frogs failed to divide when fertilized with 
normal sperm. 
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The distribution of quinine has been studied in the tissues of the cat (I), dog 
(1, 2, 3, 4), rabbit (5, 6, 7) and guinea pig (2, G, 7). However, these species 
are not susceptible to infection by malaria parasites, hence they are unsuitable 
fat studies intended to determine whether the tissue metabolism of quinine is 
affected by the presence of the infection. Furthermore, interpretation of the 
action of quinine in malaria must be based on knowledge of the metabolism of 
the drug in those species susceptible to malarial infections. Despite the ex- 
tensive use of avian malaria in chemotherapeutic studies, the metabolism of 
quinine in either normal or infected birds has not been reported. The present 
paper deals with the distribution of quinine in the tissues of normal chickens 
after both oral and intravenous administration. The effect of experimental 
avian malaria will be reported in a later communication. 

Materials and methods. White Leghorn roosters were used in nil experiments. The 
calculations of the quinine administered nre based on the amount of free alkaloid. When 
oral administration was used, quinine dihydrochloride was given in gelatine capsules. In 
the intraveneous studies, a 1% solution of quinine (as the hydrochloride) in distilled water 
was injected slowly into the wing vein. Quinine in the blood and tissues was determined 
by the micro-method recently described by Kelsey and Gciling (8). 

For blood studies, blood was collected from the jugular vein using potassium oxalate 
as an anti-coagulant. The oxalatcd blood was centrifuged and the plasma siphoned ofT. 
The upper portion of the cells (mostly white) was separated from the bulk of the red cells, 
resuspended in plasma and centrifuged in a 15 cc. graduated centrifuge tube. The plasma 
was drawn off again by suction; the relative volumes of the white and red cells noted, and 
the mixture analysed for quinine. Since the concentration of quinine in the red cells was 
determined in a separate sample, the concentration in the white cells could be calculated. 

Results. Distribution of quinine after oral administration. Our studies on 
the distribution of quinine after oral administration can be divided into three 
parts: first, the concentration in the blood after a single dose; second, the dis- 
tribution in the tissues after repeated doses; and third, tiie distribution in the 
tissues after a single dose. 

The purpose of the first experiments was to determine the extent of individual 
variation in the rate of absorption and detoxification of quinine. Six chickens 
weighing approximately 2.5 kg. were given 400 mgm./kg. by mouth. Blood 
samples were obtained either from the wing vein or by heart puncture at intervals 
of from 15 minutes to 21 hours after administration. The results are presented 
in figure 1 in which the blood concentrations for each bird are given in mgm. /liter. 
The extreme variation in blood levels after oral administration of quinine makes 

i John J. Abel fellow in Pharmacology. 
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it impossible to predict the time at which the maximum blood level will be 
reached Not only did the time at which the peak occurred vaiy from 3 to 
more than 8 hours, but the maximum blood level varied from 5 to 25 mgm /liter 
The purpose of the second group of experiments was to determine the extent 
of accumulation of quinine m the tissues after repeated doses Six young 



HOURS AFTER ORAL ADMINISTRATION 

Fio 1 The Concentration op Quinine in the Blood of Six Towls after Oral 
Administration op 400 Mgm/Kg to Each 
Birds no 2 and 3 died during the course of the experiment 

roosters were given quinine orally according to the following schedule — '100 
mgm /kg for the first four daj s 150 mgm /kg foi the sixth sev enth and eighth 
dajs 300 mgm /kg for the tenth eleventh twelfth, fourteenth, fifteenth and 
sixteenth dajs No quinine was given on the fifth, ninth and thirteenth dajs 
The birds were sacrificed at intervals of 3, 6, 12 24, 3G and 48 hours after the 
last do^e 

In the third group of experiments individual v ariations in the tissue distribu 
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tioa of quinine after a single oral dose were studied. Four birds were given 
300 mgm./kg. of qumme and sacrificed 12 hours later. The data obtained from 
the last two groups of experiments are presented in figure 2. The circles repre- 
sent the values obtained after repeated oral administration, while the bars 
represent the values obtained after a single oral dose. The high degree of 
individual variation after oral administration is as apparent in the tissue studies 
as m the blood studies (fig. 1). 


Regarding a possible accumulation of quinine, it can be seen that even after 
a prolonged, administration, by far the greater portion of the drug is detoxified 
each day , since very little was found in the tissues of the chickens sacrificed 
24 hours or more after the last dose. 



HOURS AFTER ORAL ADMINISTRATION 

Fig. 2, Concentration of Quinine in the Tissues of the Fowl after Oral 
Administration 

Each circle represents one bird killed at the indicated time after the last of a series of 
doses (see text). Each bar represents one bird killed 12 hours after a single dose of 300 
mgm/kg. 

Distribution of quinine after intravenous infection. The extreme individual 
variations in absorption and distribution of quinine in the tissues of the chicken 
after oral administration prompted a study of the distribution after intravenous 
injection. Seven birds were given 10 mgm./kg. of quinine by injection into 
the wing vein and were sacrificed at intervals of 10, 15, CO (3 birds), 120 and 
240 minutes. The results of tissue analyses are set forth in figure 3. The solid 
bam represent three chickens killed one hour after injection. Not only do those 
chickens show approximately the same concentration of quinine in a given tissue 
but the amounts present fall within the range expected from chickens killed at 
earlier and later periods (represented by the solid circles). Since the variations 
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TlO 3 CONCENTRATION OF QUININE IN THE TISSUES OF THE FOWL AFTER INTRAVENOUS 

Administration of 10 Mgm/Ko 

Each circle represents one bird killed at the indicated time after the injection Each 
bar represents one bird killed one hour after the injection 


TABLE 1 


Concentration of quinine in the tissues of the chicken, dog and ra&bu one hour after the 
intravenous injection of 10 mgm /kg of quinine 


TISSUE 

cbickxv (av or 5) 

i DOC 

j iabsit (av or 2) 


m[M ej jvimnt ftr Itf of lusui 

Blood 

3 

3 1 

0 3 

Liver 

22 

23 

1 

Bile 

29 

10 

5 

Lung 

13 

37 

54 

Iudney 

17 

14 

8 

Spleen 

21 

29 

10 

Heart 

10 

8 

2 

Muscle 

5 

4 

2 

Brain 

3 

3 

1 


For a short interval after mtratenous injection, the concentration of quinine 
in the red blood cells was slighth higher than m the plasma However, m none 
of fi\e birds was the concentration in the red blood cells higher than in the 
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plasma one hour after the injection. The white blood cells after showing a 
remarkably high initial concentration of quinine, maintained for some hours a 
concentration considerably higher than the red blood cells or plasma. Unpub- 
lished experiments on the human being after oral quinine also show appreciably 
higher concentrations in the white blood cells. 

The rapid removal of quinine from the blood is reflected by thc'high concen- 
trations in the liver, kidney, lungs, spleen, pancreas and adrenals ten minutes 
after the intravenous injection, while the blood in this interval had dropped to 
a more or less constant level. The increasingly large amounts found in the bile 
indicate that the liver plays an important r61e in the elimination of the alkaloid. 
However, since appreciable amounts are present in the contents of the small 
intestine during the first ten minutes, when the content in the bile is low, it is 
apparent that in the chicken as in other species, quinine is excreted directly into 
the bowel. 

In table 1, comparative values are given for tissue concentrations in the 
chicken, dog and rabbit, one hour after the intravenous administration of 
10 mgm./kg. The concentrations observed are more or less in inverse ratio 
to the ability of the tissues of that species to destroy quinine in vitro. Details 
of these experiments will be reported later. 

SUMMARY 

The distribution of quinine in the blood and tissues of the fowl has been deter- 
mined after single and repeated ora! doses and after intravenous injection. 

The blood levels after oral quinine show great individual variation both as 
regards the peak concentration and the time at which it occurs. Individual 
variations are also reflected in the tissue concentrations after oral administration. 

Quinine is not accumulated in the tissues of the fowl even after long continued 
administration. Practically all of the quinine has disappeared from the tissues 
twenty-four hours after the last dose. 

Immediately after the intravenous injection of quinine the concentration in 
the red blood cells is greater than in the plasma. Within an hour, the ratio is 
reversed. The white cells always show appreciably higher amounts of quinine 
than either the red cells or the plasma. 

Quinine is especially concentrated in the liver, spleen, adrenal, pancreas and 
white blood cells, to a lesser extent in the bone marrow, lung, heart, testis, and 
kidney, while in the brain, spinal cord, skin, depot fat and blood contain rela- 
tively little. The distribution is essentially the same after either ora! or intra- 
venous administration. The greater individual variation in birds giren oral 
quinine is probably due to differences in rate of absorption from the gut. 

This work was aided in part by a grant from the Dr. Wallace C. and Clara A. 
Abbott Memorial Fund of the University of Chicago. The work was done 
under a contract, recommended by the Committee on Medical Research, be- 
tween the Office of Scientific Research and Development and the Imversity 
of Chicago. 
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The various blood piessine effects of subcom ubant and com uLant dosages 
of stry clinine ha\ e been analyzed (1,2) How c\ ei , no cogent plnrmacod\ namic 
explanation has been ad\anccd for the \aiious changes m blood pressure which 
occui duung and following strychnine convulsions The physiologic mocha 
nisms lesponsiblc foi such changes during metrazol convulsions have been 
analy zed and w cie shown to differ in man and the dog (3) Employ ing stry ch 
nine as the convubant, a comparable investigation was undertaken using dogs 
and cats as experimental animals For obvious reasons the studies could not 
be extended to man as w as done w ith metrazol 

'I he niterml picssutc changes associated with convulsions me the lcsultant 
of the ‘'imult meous activation of i numbci of systems, uz, the sympathetic 
nenous system, the puasymp itlutic ncivous system and the bkcletal muscul u 
Mstcm, including the changes in intra thoiacic and inti a abdominal pressures 
icsulting from skelet il musculai activity, 

Methods \ftcr strychnine dosages varying from 0 1-0 2 mg /kg, intravenously 
convulsions were induced m 26 dogs and 7 cats by slapping the land quarters or the head 
region 5 times Approxim itely the same degree of force was applied each time This 
method of stimulation was considered suitable since arterial pressure changes winch 
occurred as the result of spontaneous convulsions were eimil ir to those produced by con 
vulsions winch were elicited by slapping 

In unanestlictized animals surgical procedures were performed under local auestlicsi i 
with procaine Other solutions were injected into the exposed femoral vein and an ndr 
quate airway was maintained throughout certain experiments cither by previous t mmilu 
turn or intubation of the tracl ca 

rht arterial pressure was continuously recorded from either the femoral or raroti l 
artery by means « f ihc hypodermic manometer (4 6) In order to estimate the rontribu 
ti >n of the mlra thoracic and intra abdominal pressures l i the nrteri »1 pressure differential 
manometrir me inurements were made One balloon was placed in the ibdomen an! 
another in the thorax with an air tight closure made around the lube leading from each to 
the front of differential manometers (6) *lhc balloons were filled with water through a 
T tube ai d sufficient additional fluid was introduced so as to hll the rubber tul mg to within 
3 cm of the front of tl c differential manometer Respiratory rate and amplitude were 
recorded by a rubber membrane optical manometer connected to a T tube in the trachea 
Total blood oxygen and carbon dioxide were determined by the Van Sly he and Stadic 
Mt thod (7) in blood collected from the femoral artery 

The relative contribution of the sympathetic and parasympathetic nervous systems and 
the skeletal muscular sy stem to the resultant bloo 1 pressure changes occurring during and 
after convulsions w ere estimated by the judicious employ ment of suitable drugs and opera 
tivc techniques These included atropine sulfate 0 1-0 2 mg /kg crgitoxinc cthanesul 
321 
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fonale S ln.fr/kB., bcta-crythroidin hydrochloride 2-5 mg./kg., bilateral vagotomy in the 
neck and high spinal anesthesia (Cj-Ch) with procaine hydrochloride. 

I- igurcs employed arc based upon at least 3 and in some eases of 5 experiments. 


Results and Discussion. The injection of convulsant doses of strychnine 
did not result in changes in the blood pressure until either the nervous or the 
skeletal muscular component of a convulsion was present. This was equally 
true in animals narcotized with ether or alcohol, where it was necessary to use 
3-C> times the M.L.D. in order to produce convulsions. 

During strychnine convulsions, the blood pressure changes vary in different 
animals of a given species. This fact deserves primary consideration in evalu- 
ating the contribution of a particular mechanism to the composite effect appear- 
ing in tile, intact animal. Isolation of the physiologic factors responsible for a 
particular effect has been attempted. 

It is necessary to recognize that two chief systems contribute to the blood 
pressure changes observed during a convulsion, viz., the nervous and skeletal 
muscular systems. The fact that, the response or the skeletal muscular system 
was largely or completely abolished in some of these experiments by beta- 
cry throidin (fig. 1) or by high spinal anesthesia (fig. 4) docs not necessitate the 
conclusion that the nervous component of the convulsion was absent or reduced 
in amount. During those types of experiments, there were sympathetic and 
parasympathetic responses even when there was no skeletal muscular activity. 
This constitutes evidence of a nervous system component of convulsions. 

Contribution of the sympathetic nervous system. Cutaneous stimulation of 
vagotomized, strychninized animals, following beta-crythroidin, caused a gradual 
and prolonged rise in arterial pressure (fig. 1). This occurre 1 even when the 
skeletal muscular contribution to the convulsion was practically abolished by 
beta-erv throidin. Since sympatholytic dosage of ergotoxin abolished this rise 
(fig. 2) there is no doubt that the elevation shown in figure 1 was due to sympa- 
thetic nervous system hyperactivity. 

Since ergotoxin is known selectively to abolish augmentory sympathetic 
effects, it is a reasonable conjecture that the decrease in arterial pressure shown 
in figure 2 was due to the continued liberation of Sympatliin I. However, 
this explanation for this decrease in pressure is untenable, since paralysis of 
skeletal musculature by beta-cry throidin abolished the fall (fig. 3). Also, it is 
not necessary to postulate that beta-cry throidin antagonizes Sympatliin I, 
since it was still possible to produce an epinephrine reversal in animals which had 
received both ergotoxin and bcta-crythroidin (8). This gradual decrease in 
arterial pressure (fig. 2) was undoubtedly associated with excessive skeletal 
muscular activity occurring during clonic and following tetanic convulsions 
(discussed below). Pharmacodynamicaliy, strychnine and metrnzol differ in 
that after strychnine activation of reflex mechanisms by sensory stimulation is 
nccessaiy for the appearance of autonomic effects on the* cardiovascular system, 
while after metrazol effects are observable only at the time the drug is injected. 

In the case of metrazol, the initial convulsion resulting from the drug injection is 
associated with autonomic activity but subsequent convulsions arc not (3). 



CHANGES PRODUCED JIV fiTUVCHMNL COM ULSIONS 


323 


These, results with strychnine conhim the findings of Harmon and McFall (0) 
and Watanabc (10) with respect to adrenm seuetion Stew ait and RogoiT (1 1) 
hay e shown that single large doses of stry chnine cause an excessive liberation of 
epinephrine from the adrenals Their tndi\ iduni protocols strongly suggest that 
convulsions are necessary for a marked epinephrine liberation to occur In 
addition, Stewart and Rogoff s animals were anesthetized with ether and mor 
phine Tins pharmacologic background has been shown b\ Emerson (12) and 
Harmon and McFall (13) to cause epinephrine iclcasc in itself The chronic 
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Firs 1-3 Simultaneous Carotid Prf^siri Pi lses im> Intrx Abdomival Piusslris 
of Lnanlstiietizi i> Dios 

Fig 1 Stryclininizcd vagotomtzed dog which lnd reccmd beta crythroulin 10 mg /kg 
administered over a period of 4 minutes Cutaneous stimulation by slapping at signal 4 
minutes after completion of beta cnthroidin injection 

Tir 2 Stryrhmmzedvagotomized dog which had received ergot \m2mg/kg Cutnnc 
ous stimulation at signal 

lie 3 Stryehninized vagotomized dog which had received beta cry throidin and crg> 
to\in Control record of blood pressure tl on cutaneous stimulation at signal 

In these and all aut sequent records except where indicated differently the pressure 
scales arc shown in units of 50 mm Hg and the base line is interrupted at 10 second intervals 


toxicity studies of Tenton clal (14) with strychnine in cats indicate that excessive 
sympathetic activ lty may be correlated with pathologic changes In their am 
mals convulsions could he eonsideicd as a possible factor in the production of 
such maikcd pathologic disturbances Undoubtedly strychnine also mcioa>es 
sympathetic activity in non c om ulsant dosage but to a minor degree, since 
it is obsci v able only under special experimental conditions (H u ned and Cole 1 5) 
Contribution of th * parasympathetic nerious system In an adequately aerated 
strychnmizcd dog whieh had the sympithetic nervous and skeletal rmtscului 
systems inactiv ateel by spinal anesthesia to the ley el of the third cei \ u al y ortebri 
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spontaneous convulsions of head muscles were associated with cardiac slowing 
and a gradual decrease of arterial pressure (fig. 4). Analysis of the diabolic 
slope of pulse con ton is at the beginning and end of the selected record indicates 
that vasodilation partly caused the decrease in pressure. After convulsions 
these pulse contours show during diastole an increase in the rate of descent of 
pressure at any given pressure. This is evidence of peripheral vasodilation in 
the absence of a mechanism which would tend to restrict the arterial reservoir. 

Repeating the cutaneous stimulation of the head resulted in cardiac arrest 
lasting 15 seconds (fig. 5), hut no further extra-cardiac decrease in arterial 
pressure. During a series of spontaneous convulsions, t hero was vagal slowing 
of the heart during each (fig. 0). After atropine administration, similar convul- 
sions of head muscles were associated with no change in cardiac rate (fig. 7). 
Doubtless, the transient cardiac arrest was vagal in origin. 
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Figs. -1-7. Feuoral Piuskspre Pulses of Strvchni.vizko Dog vsdkr Ixn.i’Kxri: of 
Swnai. Anesthesia to I<evki. CVC< 

Kin. ■). During spontaneous convulsion of fiend muscles. 

Fin. 5. Hefore and during convulsions of head muscles after cutaneous stimulation of 
fiend indicated at signal. 

‘ * Huns, 1J minutes after effects of convulsion due to 

At break between figures C and 7, atropine sulfate 

j administration, during convulsions of fiend muscles 

after cutaneous stimulation, indicated by signal. 

Contribution of the skeletal muscular system. After sympatholytic ergotoxin 
dosage, cutaneous stimulation of strychninized dogs resulted in convulsions which 
were accompanied by an initial passive rise in arterial pressure followed by a 
secondary fall. 

The initial passive rise could result from an increase in: 1) intra-thoracic 
pressure (3, 5, 10, 17, 18, 19), 3) intra-abdominal pressure, 3) peripheral resist- 
ance by compression of arterioles and capillaries, and /,) venous return due to 
the forcing of blood out of skeletal muscles and the abdominal area. The intra- 
thoracic pressure frequently contributed as little as 2-0 mm. ITg to this increase 
in arterial pvessure. Since there was no significant rise in intra-thoracic pressure, 
it is conceivable that either the glottis was open ov the expiratory and inspiratory 
muscles were balanced. The intra-abdominal pressure increased 38-00 mm. 
Hg and thereby contributed significantly to the initial passive rise. This por- 
tion of the rise' was possibly mediated by: l ) a compression of the large arteries 
of the abdomen and 2} a compression of arterioles and capillaries in the vi-ccra 
which also may increase peripheral resistance. In addition, peripheral re-M- 
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ance was further inci cased In tompusMon of va&culu be<U in the tetimcally 
contracted skeletal muscles Venous return was augmented l>\ the increased 
mtra-abdominil piessuit and the tetanic and clonic conhactions of skeletal 
muscles (3, 20) (fig 8) These foices squeezed blood out of peupheial beds into 
the vessels of the thoracic cage where the prcssuic was low Doubtless the tm 
mediate caidiac icceleration icsultcd from the increased \enous return and the 
consequent dilation of the right heart and large v ms of the thorax (21) 

The secondary Sail followed quickly and was short oi long in dui ation It was 
associated with tetanic or clonic convulsions, and continued after convulsions 



9 10 


Jigs 8-10 I’m sstne Iltconns from Docs 
I ig 8 hn m above downward pressure pulses from fimori! artery and ligtted fernoial 
vrjn 8A = ronln 1 record before a convulsion 81J = effect of convulsion aTtcr crgotoxui 

Hid n try Minim 8C = recovery period after convulsion showing nrtirial pressure rom lining 
lew 

1 in 9 I rom nl»>vi downwaul pressure pulses from fern >ra1 artery and ligated ft moral 
vein 1 ffertb of struggling on arterial ami vc nou3 pressures Struggling during Bignal 
Fir 10 1 emornl arteri it pressure pulses during moment try convulsions consisting 
of widesprtid shiletnl muscular activity listing le^s tl in 1 second \rttri d prt'Mirt 
gc lit ill units of 50 mm llg evupt top division which represents 25 inm Hg 

cciscd bkc let d musuil u activity is neussaiv since beta crvthroidm admin 
istiation pu vented the tvppeu inte of the fill (fig 3) I In'* secondary fall may 
hivi bccntuisedhv the following mechanisms which ni company hvpei activity 
of hkdet ll muscles / ) intra must nlar hv po\ia 2) exttssn t v oMuhlator metabolite 
pniduetion and in addition /) excessive antidromic stimulation and 2) excessive 
stimulation of vasodilator nerves A. similar fall (fig 0) often accompanies 
struggling ill noimil or ergotoximzcd animals Tins depressor response is at 
eentuated by strychnine, since both tetanic (fig 2) and momentary (fig 10) 
convulsions produced a more marked reduction in uttrial pussurt than resulted 
from smuggling 
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Composite effects of strychnine convulsions in UN-anesthetized 
animals, a) Adequate Aeration. The blood pressure changes associated with 
strychnine convulsions in adequately aerated dogs are illustrated in figure 11. 
These changes can be divided into several phases. The first phase begins with 
the onset of convulsions and consists of the initial passive rise. During clonic 
convulsions, the blood pressure shows rapid passive fluctuations. As the con- 
vulsion becomes tetanic, the blood pressure elevation is maintained. The 
second phase follows as other mechanisms arc activated. Cardiac acceleration 
occurs and may result from either an increased venous return or sympathetic 
nervous system stimulation. The arterial pressure rises further and is accom- 
panied by an increase in pulse pressure. These changes result from sympathetic 
vasoconstriction (fig. 1 ) and extra-vascular compression, both of which reduce the 
volume of the systemic arterial reservoir and increase peripheral resistance. The 
elevated extra -vascular pressure forces a large volume of blood from the peri- 
pheral beds and the abdominal reservoirs. The skin reservoin? and the pul- 
monary bed become engorged and provide emergency reservoirs for this large 
volume of blood. During this period, pulmonary arterial and venous pressures 
sometimes increased 45 mm. Hg (8). Since pulmonary engorgement occurred, it 
is evident that the left heart was unable to transfer all of this increased load of 
blood into the reduced systemic vascular tree. Skeletal muscular hyperactivity 
results in vasodilation (fig. 2) which opposes these effects. However, this de- 
pressor action is effectively masked by both the excessive sympathetic vasocon- 
striction and the increased extra-vascular pressure. Tonic convulsions masked 
the effects of vasodilation more completely than did clonic convulsions, since the 
latter allow intermittent periods of normal extravascular pressure. Often in the 
second phase there were intermittent periods of cardiac slowing which may have 
resulted from activation of depressor reflexes, but were more likely due to central 
hyperactivity of tiic parasympathetic nervous system (fig. o) or peripheral sensi- 
tization of cholinergic endings. 

The third phase starts with skeletal muscular relaxation and with the con- 
comitant return of extra-vascular pressures to preeonvulsive levels. Arterial 
pressure during this phase may be lower (lig. 80) or higher (lig. 11) than the 
preeonvulsive level. This is determined by the relative activity of the sympa- 
thetic and parasympathetic nervous systems and by the degree of vasodilation 
secondary to convulsive muscular activity. 

The blood pressure changes associated with stryelmine convulsions resemble 
those produced by straining in man (Valsalva’s experiment (5)). The initial 
passive rise during convulsions and the first and second phases of straining is 
chiefly due to extra-vascular reinforcement. The mechanism of the reinforce- 
ment' differs in the two conditions in that during convulsions there are: 1) an 
increase in the. intra-abdominal pressure with no significant increase in intro- 
thoracic pressure, 2) a decrease in tiie volume of the systemic vascular tree and 
extra-thoracic reservoirs, 3) an increase in venous return and /,) an active eleva- 
tion of net pulmonary arterial and venous pressures producing pulmonary en- 
gorgement. During straining both the intra-thoracie and intro-abdominal pres- 
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surcs increase so that blood is dammed into the shin and extremities resulting in a 
decreased \enous return and a depletion of the pulmonary reservoir Con 
sequently during conv ulsions the intense contraction of skeletal muscles of both 
the abdomen and the extremities contribute laigelv to the initial passive rtsc 
while during straining only the increase in activity of abdominal and thoracic 
muscles contribute significantly to this rise It is ev ident that the heart is sub 
jected to serious stresses during convulsions, since peripheral resistance is 
increased and since the Ultra thoracic pressure does not rise sufficients to prev ent 
its being overloaded During straining blood is prevented from entering the 
thorax and no serious stress is placed on the heart It is only immediately aftci 



Pics 11 and 12 Femoral Arterial Pressure Pulses of Un anesthetized 
Strychninized Doa 

Fir r r " cutaneous stimula 

tion 

bio lucid by cutaneous 

stinuil e 1 nc 

the thud phase of straining 11 ovci that any significant ov eiloailing of the heart 
occurs 

b) Inadequate Aeration Animals which arc not adequately aerated generally 
die after a few conv ulsions Death appeals to be due to caidiov oscular collapse, 
vagal arrest and/or respiratory failure 

The blood pressure changes which occui during the first and second phases of 
the convulsions are essentially similar to those observed in adequately aerated 
animals (Compare figs 11 and 12) However some striking differences appear 
early in the third phase In some animals inadequate aeration accentuated the 
tlecicase in blood pressure of the third phise so that there was a maiked fall 
below the pie convulsive level and the nnimil died of caidiov vscular collapse 
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(fig. 12). This may he largely due fo a greater peripheral vasodilation resulting 
from skeletal muscular activity and asphyxia, together with cardiac failure. 

In other animals there was pronounced vagal slowing of (he heart in addition 
to accentuation of the blood pressure fall. The pronounced slowing of the heart 
which often is fatal, substantiates other findings (22) which indicate that asphyxia 
is conducive to a decrease in acetylcholine destruction and a subsequent hyper- 
activity of cardiac cholinergic endings. Also, vagal escape could not occur, since 
blood was pooled in excessively dilated peripheral beds and venous return was 
not adequate. 

In other animals which were inadequately aerated during convulsions, respira- 
tory arrest occurred during the third phase. The following possibilities may lie 
considered as causes for this arrest: anoxia, acapnia, hyperacidcmia, and fatigue 
of the respiratory center by bombardment with peripheral impulses which arc* 
normally subthreshold. 

The degree of anoxemia occurring in animals subjected to convulsions was de- 
termined in 1 cat and 2 dogs. These animals were unanesthetized and received 
strychnine sulfate 0.2 mg./kg. intravenously. Dog A had only 1 tetanic seizure 
which was fatal; dog B and the cat each had 1 tetanic seizure prior to the fatal 
convulsion. The fatal convulsion lasted 5-8 minutes. At the end of this time 
the blood pressure had decreased to approximately IS mm. Ilg and the arterial 
blood oxygen tensions (mm. Ilg) were: 18, 10 and 1-1; total oxygen values 
(volumes %) were: 7.0, 3.9 and 0.4; and hemoglobin saturation values (%) were: 
35, 18 and 30. Total carbon dioxide values (volumes %) of these same blood 
samples were: 20.7, 32 and 10.4. 

The arterial blood oxygen values in these stryehninizod animals are not a« low 
as those reported by Koehler cl al. (23) for pigs whose respiratory center failed 
after 25-29 minutes when they were breathing 5% oxygen in nitrogen. Un- 
doubtedly, respiratory center depression is present with the low arterial blood 


oxygen values found in the strychninized animals, but this degree of anoxia 
alone is probably not sufficiently great to cause rapid respiratory failure. 

Since acapnia is not sufficiently marked in 2 of the 3 stryehnitiized animals to 
alone cause respiratory failure or even when superimposed on the degree of 
anoxia present (Koehler ct at. (23)), there must be other physiologic factors 
which will synergize with anoxia to cause such rapid failure of the respiratory 
center. It is conceivable that hyperacidcmia plus anoxia constitute a more 
effective means of depressing the respiratory center than anoxia alone. Though 
blood fixed acids were not determined, hyperacidcmia is doubtless present during 
convulsions since skeletal muscles throughout the body are extremely hyperactive 
and must be forming acid metabolites which cannot be completely oxidized in the 
presence of severe anoxia. This contention that the respiratory center U de- 
pressed more by hyperacidcmia plus anoxia than by anoxia alone t< confirmed 

bv the findings of Koehler el at. (23). . 

‘ It has been suggested by Travel! and Gold (24) that respiratory arrest is pri- 
marily due to fatigue of the respiratory center by excessive bombardment wit i 
impulses from the periphery which are normally sub-threshold. An adequate 
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test of this hypothesis was provided m 5 dogs These animals were allowed to 
convulse for 45-fiO minutes while being artificiallv insufflated The respiratory 
center still functioned upon discontinuing artificial respiration (fig 13) This 
proves that excessive bombardment for 45-60 minutes, in the presence of ade- 
quate aeration, did not fatigue the respirator}' center In order to determine 
whether isphvm could cause depression of the lespiraton center in these am 
mals, thej w ere subjected to a senes of convulsions, w ithout artificial insufflation, 
lasting 30 seconds At the end of this 30 second period, these dogs made no at- 
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Figs 13 16 Femoral \rteiual Pressure Pulses (Um-n) and Respiratory Rate and 
Ampiitude (Lower) 

Fio 13 Animal allowed to convulse for 60 minutes then artificial insufflation stopped 
at Si and animal allowed to convulse for 30 seconds At I artificial respiration bj inflating 
lungs 7 times then discontinued at St 

Pio 14 One minute allowed to elapse between this and previous tracing No artificial 
insufflation 1 ■* 1 

Fio 15 ' 

No artificial 
tinued for 5 minutes 

Fio 16 Artificial insufflation stopped before record taken Animal respired normallj 
even during convulsions 


tempt to respire (fig 13) The asphjxin was partially eliminated bj inflating 
the lungs 7 times After this, arrhythmic respiration started (fig 14) The 
asphyxia was then completel} eliminated by maintaining artificial respiration for 
5 minutes (fig 15) When artificial respiration was again stopped, the animals 
respired nonnall} even though there were several more convulsive seizures 
(fig 1G) 

All of these data indicate that anoxemia and h>peracidcmia mav be moic im- 
portant factors than fatigue by bombardment with season impulses m causing 
fatal rc^piratorv center p ami} sis during str}chnme convulsions 
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SUMMARY AND CONCLUSION'S 

1. Convulsant doses of strychnine in the unancsthctized and narcotized dog 
and cat do not change the blood pressure until cither the nervous or the skeletal 
muscular component of the convulsion is present. 

2. During strychnine convulsions there is an initial passive rise in arterial pres- 
sure which is primarily the result of an increase in the extra-vascular pressures in 
the abdominal cavity and skeletal muscles. This is accompanied bv: a) exten- 
sive activity of the sympathetic and parasympathetic nervous systems tending 
to cause vasoconstriction and cardiac slowing, respectively, and b) vasodilation 
following the excessive skeletal muscular activity. 

3. These effects may tend to counterbalance each other or may appear in se- 
quence and produce marked cardiovascular changes and stresses. 

4. Asphyxia is the chief causative factor in respiratory depression resulting 
-from stryqhnine convulsions. 


This work was aided by a grant from the Josiah Maey Jr. Foundation. We 
are indebted to Merck and Company, Rahway for a generous supply of beta- 
erythroidin hydrochloride and to Dr. Elkin Vogt of Atlanta, Georgia for assis- 
tance rendered during some of the early experiments. 
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It is known that cocaine potentiates the effect of stimulation of the sympathetic 
nenous system and of injected epinephrine There are several possible mech- 
anisms 1) Increased liberation of sympathm during stimulation of the nen ous 
element (suggested by Bum (1) and Tang (2), questioned by Clark and Raventos 
(3)) 2) Decreased inactivation of the administered epinephrine (4) or sym- 

pathin 3) Increased sensitivity of the receptor organ to epinephrine or sym 
patlun (3-15) 

While the present work uos in progress, a paper appeared bj Lawrence, Mor- 
ton and Tainter (4), showing that cocaine interferes with the inactivation of 
epinephrine In the results of the present stud> there are data confirming their 
findings and further evidence indicating that cocaine also interferes with the 
inactu ation of sympathm 

Epinephrine The experiments with epinephrine were performed on the Laewen Tren 
dclenburg (16, 17) preparation of the frog, the perfused rabbit ear, and the perfused rabbit 
leg 

In the Laeweu Trendelenburg preparation, frogs were perfused with Ringer’s solution 
through the abdominal aorta and the perfusate collected from the vein of the abdominal 
w all 0 6 cc of a solution of 1/10* epinephrine w as perfused before and again after the prep 
aration was perfused with Ringer’s solution containing 0 5 mgm cocaine HC1 per 100 cc 
The xate of onflow was deiemuned bv ja dron recorder in the inflow circuit, jind waa kfyit 
constant at about 20 drops per minute by adjustment of the pressure whenever a change in 
the inflow rate took place The perfusate was collected from the vein of the abdominal wall 
in a tube containing ascorbic acid to prevent oxidation 1 ho perfusate w as tested by per 
fusion through a second Laewen Trendelenburg preparation or a frog heart These teat 
objects were cocainized by perfusion with Ringer’s solution containing 2 mgm of cocaine 
HC1 per 100 cc This amount of cocaine was sufficiently large to prevent any further action 
by the cocaine content of the fluid which was to be tested The perfusion rate of the test 
object was kept constant as described above The solutions to be tested w ere introduced in 
0 6 cc amounts into the inflow circuit over a period of about one minute through a device 
\ihich prevented the addition of this fluid from changing the rate of inflow in the perfusion 
circuit The rate of the outflow during the test perfusion was recorded w ith a drop recorder 
In the experiments in which the perfused frog Iieart was used as the test object, the beats 
were recorded on a kymograph by means of an isotonic lever 

The quantity of epmephnne present in the perfusates of a preparation perfused 
with this drug before and after the preparation was treated with cocaine was 
compared in terms of the degree of vasoconstriction caused in the legs of the test 
Laewen Trendelenburg preparation and the degree of cardiac acceleration in the 
perfused hcait The results are summarized in table 1 The perfuston rate in 
the second Laew cn Trendelenburg frog or the heart rate after injection of 0 5 
331 
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cc. perfusate collected from frogs, with and without cocaine, before injection of 
epinephrine served as the controls and the results are expressed ns a percentage 
of these values. For this and subsequent tables a 30-sccond period was chosen 
for the calculation of the changes in output rate and a GO-second period for the 
changes in heart rate. The perfusate from the cocaine-treated preparation 
produced a much greater vasoconstriction than the perfusate from the prepara- 
tion without cocaine. Therefore the inference is drawn that after cocaine less 
epinephrine was inactivated during the passage through the t issues. In t lie case 
of the frog’s heart as the test object, the perfusate from the cocaine treated ani- 
mal produced greater acceleration, allowing the same inference. 

In the experiments with the rabbit ear, the isolated organ was perfused through 
the auricular artery with Locke’s solution at 37°C. The preparation was kept 
in a humid chamber at 35°C. during the whole experiment. In other respects 
the technic was similar to that described above. A solution of 1/10' cpincphri «e, 


TABLE 1 

Comparison of Ihc Effects of Epinephrine Perfusates Obtained from I'rogs before and after 



Cocaine 





» rm.T is ti object of Emrrimsr 
rim-sm rxrmsu> is m cintov 
vuul before Eri.VtrURJVF. 

TLST OUJFCT 

OBSER\ ATION 

Obtainnl before 
cocaine 

_ 

Obinmrt) »Jler 
, cocaine 


| 

Me -in ( 2(> 

Lac'vcn-Trcndclcn- 
burg frog 

Maximum slowing 

I Total decrease in volume i 

05 ±3.0* 
7G ±4.2 

j 38 ±2.!) 

1 32 ±5.1 

| 

Isolated frog 
heart 

Greatest increase in rate j 

Total incrcnsc in number of bents j 

H3 ±5.5 

111 ±3.2 

I 201 ±10.0 
j MO ±3.1) 


* Standard error of mean. 


0.5 cc., was perfused through the car before cocaine and again after perfusion 
with Locke’s solution containing 1 mgm. cocaine II Cl tier 100 cc. One cc. sam- 


ples of the output fluid were tested in a similar manner on the two test objects, 
namely, the Laewen-Trcudclenburg frog and (lie isolated perfused fiog iieaif, 
both treated with cocaine. The results are shown in table 2. lhc\ confittu the 
experiments of tabic 1 . 

A third series of experiments was carried out in which the epinephrine was 
perfused through one leg of a rabbit and the perfusate tested on the second leg 
of the same animal. The femoral artery was cannulatcd and perfused with 
Locke’s solution at 37°C. A ligature was then drawn around the leg cutting off 
all but the femoral artery and femora! vein. The limb was amputated at the 
hip and placed in a moist chamber maintained at a temperature of 3o ( . he 
perfusate was collected from a cannula in the femoral vein The second leg ««< 
prepared in the same way and perfused with a solution of eocaine containing - 
mgm per 100 cc. The remainder of the experiment concerning the mlwdaUmu 
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of epinephrine (0 5 cc of a l/10 s solution) into the first leg before and after the 
treatment with cocaine (1 mgm per 100 cc ), the measurement of the output, 
and the manner of introducing samples (1 cc ) into the second or test leg were 
earned out as already desenbed The results are show n in table 3 They also 
confirm the previous experiments 

Sympathm The rabbit ear was prepared for perfusion and the stimulation of the post- 
ganglionic. fibers from the superior cervical ganglion w as earned out according to the method 
of Gaddum and Kwiatkowski (18), except that the rate of input was lower The nerve was 
stimulated by a tetanizing current from an induction coil for periods of 8 seconds The 


TABLE 2 

Comparison of the FffectS of Epinephrine Perfusates Obtained from the Rabbit's 
Ear before and after Cocaine 




Enter D! TEST OBJECT OF EPINFPHR1NE 
PERFUSATE EXPRESSED IK PEE CENT OF 

value before epinephrine 

test obj ter 

OBSE1V AVION 

Obtained before 1 
cocaine j 

1 Obtained after 
cocaine 



Mean (20 etpts ) 

I aewcn-Trendelon- 
burg frog 

Maximum slowing 
: Total decrease in volume 

72 ±4 8 

80 ±4 0 

40 ±4 0 

30 ±4 0 

Isolated frog heart 

1 Greatest increase in rate 

J Total increase in number of beats 

1 140 ±3 7 

| 117 ±3 0 

19S ±0 4 

142 ±4 7 


TABLE 3 

Comparison of the Effects of Epinephrine Perfusates Obtained from Rabbtl’s 
Leg before and after Cocaine 




EFFECT IN TEST OBJECT OF rPIVEmRINC 
PERFUSATE EXPRESSED IN Pi’ll CENT OF 
VALUE BEFORE EPINEPHRINE 

TEST OBJECT 

OBSERVATION 

Obtained before 1 
cocaine j 

Obtained after 
cocaine 



j Mean (10 erpts ) 

Rabbit leg 

I Maximum slowing 

Total decrease in volume 

G8 ±3 8 

80 ±2 0 

30 ±4 2 

52 ±5 0 


perfusate was collected from the great auricular vein One cc samples were injected into 
the Femoral vein of a cat under pentobarbital anesthesia alter the animal was given 3 mgm 
of cocaine HC1 and 1 mgm of atropine sulfate per kg by intravenous injection The mean 
blood pressure changes w ere recorded from the carotid artery v. ith a mercury manometer on 
a smoked drum The samples of perfusate w ere collected under four conditions before and 
after sympathetic stimulation, and before and after injection with cocaine 

Aftei cocaine the outflow from the stimulated rabbit car decreased to a mean 
of 85 per cent of the outflow before cocaine (observations made on 10 cats, the 
standard erior of the mean being ±13) As is the general belief, therefoic, 
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cocaine intensifies the vasoconstrictor effect of electrical stimulation of the 
sympathetic nerves. The outflow from the preparations before cocaine increased 
the blood pressure of the cat by an average of 10%, while those from the cocaine 
treated preparations produced a 20 % increase. The differences are much more 
striking when expressed as the percentage difference between the blood pressure 
effect of non-cocainized and cocainized samples for each rabbit. When the 
average of those differences is taken, cocaine is found to cause an effect which 
is 87 % greater than that obtained before cocaine (table 4). Tills result is in 
harmony with the results obtained with epinephrine and indicates that cocaine 
interferes with the tissue inactivation of sympathin as well as epinephrine. 

TABLE 4 

Effect of Cocaine on Ihe Sympathin Content of Perfusion Fluid from Stimulated Rabbit Ear 
Changes in the mean blood pressure of the cat in mm. Hg after injection of 1 ce. of perfusate 

from rabbit ear 



0.3 ±0.05 10.2 ±0.74 ) 0.3 ±0.05 j 17.8 ±1.40 


SUMMARY AND CONCLUSIONS 


1. A solution of epinephrine was perfused through the Laewen-Trendelenburg 
frog preparation, the rabbit ear, and the rabbit leg, before and after treatment 
with cocaine. The perfusates were tested for their vasoconstrictor action on the 
perfused Laewen-Trendelenburg preparation and the rabbit leg, and for their 
effect in accelerating the rate of the isolated perfused frog’s heart. 

2. The results show that after cocaine the perfusate containing epinephrine 

exerts a greater effect. . . 

3. The conclusion is drawn that cocaine interferes with the inactivation ot 


epinephrine in the tissues. 

4. The postganglionic fibers from the superior cervical ganglion were stimu- 
lated in the rabbit ear preparation of Gaddum and Kwintkowski. 1 lie per- 
fusate from the ear was tested on the blood pressure of the cat. I he results of 

















COCAINE AND EPINEPHRINE 


335 


these experiments show that the fluid passing through the tissue when the S 3 m 
pathetic nen e is stimulated has a greater vasopressor action than the perfusate 
collected under the same conditions m the absence of cocaine 
5 The conclusion is diawn that cocaine also interferes with the inactivation 
of s> mpathm 
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The inhibition of the esterification of phenols by cocaine in vivo (I), the inhibi- 
tion of phenol sulfur esterase in vitro (2),and the fact that cocaine potentiates the 
action of epinephrine may lend an indirect support to the theory of Richter (3, •}) 
that epinephrine is inactivated partly by esterification of the phenol ring. In the 
present communication the effect of low concentrations of cocaine on the con- 
jugation of phenol will be described. 

Method. Cats were anesthetized with pentobarbital. To avoid inactivation of phenols 
in the intestine (5, 6) this organ was excised. The blood pressure was registered by a 
cannula inserted in the carotid artery loading ton mercury manometer. The blood pressure 
was kept nearly constant and satisfactory urine flow insured by infusion of Locke’s solution 
when necessary. Capillary glass cannulae were inserted into the two ureters and the urine 
was collected separately from each kidney in samples eliminated in 30-minutc periods 
throughout the experiment. Five minutes after the start of each collection a sample of 
blood was taken from the femoral artery for the purpose of determining the phenol content 
of blood cleared by the urine eliminated during the correspond! rig. 30-mi mite period. After 
a few samples were collected the cat was injected through the femoral vein with one of 
the following substances: 1) cocaine, 2) phenol, 5) phenol and cocaine. The rate of injec- 
tion was constant so that 10 mgm. per kg. of phenol or 4 mgm. per kg. of cocaine were 
introduced in a three-hour period. In the ease of phenol and cocaine the infusion of cocaine 
was started one hour after the beginning of the infusion of phenol. In another series of 
experiments the entire dose of phenol, 6 mgm. per kg., was given ns a single injection into 
the femoral vein and the blood mid urine samples were collected as described above. The 
blood and urine of eats treated in exactly the same way and for the same length of time as 
the injected animals were used as controls. 

The free and conjugated phenol content of the blood and urine samples were determined 
with the method of Tlieis and Benedict (7, S, 9). The color changes produced by the phenol 
present were determined by a photoelectric colorimeter. The changes in the phenol content 
of the blood and urine are summarized in the tables. The values arc expressed as a per- 
centage of the phenol content of the samples collected shortly before the first injection. 
The values given in the tables are calculated on the basis of the phenol content of blood 
(mgm. per 100 cc.) and urine (amount eliminated in 30-minute periods), since these values 
give a better indication of phenol metabolism than docs the clearance. 

Results. Cats eliminated in the urine an average of 0.007 mgm. free and 
0.0047 mgm. conjugated pitenol iter kg. of body weight per minute. The blood 
contained on the average 1.8 mgm. free and 0.19 mgm. conjugated phenol per 100 
cc. The phenol content of blood and urine of the control eats remained nearly 

constant over a period of three hours (table 1). 

After injection of a single large dose of phenol the blood phenol immediate 
‘ reached a peak and then decreased gradually to the original level over a period ot 
about two hours (see also 5, lb 10, 1 1, 12, 13, 14, 15). The phenol content of bW 

336 



COCAINE AND PHENOL 


337 


decreased partly by elimination through the kidney and partly by diffusion to the 
tissues The conjugated phenol soon appeared in the blood Whether the con- 
jugation occurs partly in the blood oi entirely in the tissues is not known The 
free and conjugated phenol content of the unne rose Conjugated phenol was 
eliminated and the concentration m the blood returned soon to its original xalue 
(table 1) 

Experiments in w hich the injection of phenol w as continuous show that the free 
and conjugated phenol content of blood and urine increased gradually (figure 
1A, table 1) As the infusion was continued the excretion rate reached a maxi- 
mum after w hich the conjugated phenol content of blood rose suddenly 

TABLE 1 


Effect of injected phenol and cocaine on the phenol content of blood and urine 


EXPERIMENTAL 

procedure 

f.o or 
EXPTS 

MEAN FEES PHENOL CONTENT OP BLOOD IN 
PER CENT OP CONTROL* AT 30 MINUTE 

1 INTERVALS PROM STABT OP INJECTION 

MEAN FREE PHENOL CONTENT OP LRLNE 
ELIMINATED IN PER CENT Or CONTROL* 

IN SUCCESSIVE 30 MINUTE PERIODS 
rrasf OEcrwryc or rv/Ecrrov 



° 1 

30 1 

6 

90 1 

120 

150 | 

ISO | 

0 1 

30 1 

fiO 1 

90 1 

120 | 

150 1 

180 



min| 

mm | 

miL 

mm | 

min 

nun 

min | 

min 

mm | 

nun 

mm | 

min 

min | 

min 

Control 

6 

100 

100 

09 

100 

93 

9S 

96 

100 

10’ 

93 

97 

93 

95 

07 

Phenol injected 1 

10 

100 

223 

21’ ! 

1S4 

IN) 

10S 

10S 

100 

is: 

191 

191 

205 

202 

200 

Phenol infused j 

12 

100 

US 

133 , 

14S 

172 

180 

190 

100 

125 

132 

145 

184 

1°0 

202 






mm 

(!29>t 

(135H 

(143)t 





(124)t 

(141)1 

( 1539 1 

PI enol and cocaine 
















infused 

10 

100) 

1 118 

130 

H5 

ICO 

ISO 

200 

loot 

126 

13a 

142 

166 

180 

200 

Cocaine infused t 

6 

100 

1 102 1 

105 , 

109 

110 

1 »» 

no 

100 

110 

102 ( 

103 , 

113 

1J5 ( 

118 



1 MEAN CON It GATED PHENOL CONTENT 07 

| MEAN CONJUGATED PHENOL CONTENT OP 




BLOOD IN PER CENT OP CONTROL' 



URINE IN PER CENT OP CONTROL' 


Control 

r 

100 

OS 

too 

102 

ss 

07 

96 

100 

1 IPO 

| 96 

100 

97 

95 

9S 

PI enol injected 

10 

100 

2'2 

240 

216 

20S 

105 

20S 

100 

332 

309 

413 ! 

497 

824 

524 

Phenol infused 
Phenol and cocaine 

12 

100 

12 

290 

326 

35S 

441 

530 

100 

237 

4*4 

4 8 | 

499 : 

534 

o44 

infused 

16 

loot) 

100 

103 

100 

94 | 

S5 

so ; 

100f| 

IBS 1 

151 

124 1 

113 1 

99 

100 

Cocaine infused ! 

f 

[ 100 1 

06 

00 

*6 i 


SO 

so ; 

100 | 

9j j 

92 

89 

87 

81 

70 


* The standard error of mean for each talue «ea less than ±10 per cent 
t Ext rested as a jcrccntage of the value after CO muiutea of infusion with phenol 


Injection of cocaine did not significant change the free phenol content of 
blood and unne Changes in the conjugated phenol content were too small to be 
conckisixe indication of a modification of the enzymatic processes (table 1) 
When cocaine was introduced during phenol perfusion the conjugated phenol 
in the blood did not increase fuithei but, on the contrary, decreased The 
hidnexs continued to cleat the blood of its conjugated phenol m the presence of a 
small amount of cocaine I atei in the couise of the experiment the fiee phenol 
content of blood increased somewhat (figure IB, table 1) 

Discussion Cocaine, cxen in \ en low concentrations, inhibits the enzy- 
matic processes m\ oh ed in the conjugation of phuiols in the In mg animal This 
inhibition is manifested in cats continuously injected with phenol by a sudden 
fall of the conjugated phenol in the blood, a slow decrease of the conjugated 
phenol excretion in the mine and a rarnd me m the ficc phenol content of blood 
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and «me Tins contrasts with the increase of the conjugated phenol content of 

c °Z an n Unne r th ?.T ery Flo ' V incrcase of frec P 5 *nol the absence ofj 
ca me. Coeame alone did not change significantly the elimination of phenol 

This is probably due to the nonspecificity of the method suggesting that the 

1C and°i7) med f ° r the n0rmai " rine arC ma ' n,y d " e t0 anothor wJwtanw (see 

These results are in agreement with the results obtained in metabolic experi- 
ments (1) and with enzyme experiments in vitro (2). They lend an indirect 



Fic. 1 . Comparison of Tire Phenol Content op Blood and Urine during Continuous 
Injection of (/t) Phenol and (B) Phenol and Cocaine 
The per cent changes of the phenol content is plotted Rgainst the time in minutes. Each 
point represents the mean value of from C to 1G experiments. 

Shaded circles: Free phenol content oi blood. Shaded squares: Conjugated phenol 
content of blood. Open circles: Free phenol content of urine. Open squares: Conjugated 
phenol content of urine. 


support to the theory of Richter (3, 4) that the body may dispose of epinephrine 
partly by esterification of the phenol ring. 

SUMMARY 

1. The effect of slow cocaine infusion on the phenol metabolism of living cats 
was studied by determination of the free and conjugated phenol content of the 
blood and the corresponding urine samples. 

2. A single large injection of phenol results in an increase in the free and 
conjugated phenol in the blood and urine lasting a few hours. 

3. A continuous infusion of phenol produces a gradual rise of the free and con- 
jugated phenol in the blood and urine. As the infusion is continued, t lie excretion 
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rate reaches a maximum and the conjugated phenol content of the blood rises 
suddenly . 

4. Infusion of cocaine in a phenol infused cat inhibits the process of conjuga- 
tion resulting m a decrease of the conjugated phenol content of blood and urine. 

5 These results indicate that cocaine, e\en in low concentrations, inhibits the 
enzymatic processes in\ olved in the conjugation of phenol in the li\ ing animal. 
They aho lend an indirect support to the theory of Richter that epinephrine may 
be inactivated partly by esterification of the phenol ring 
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The familiar terms “knock-out drops” and “Mickey Finn” characterize the 
potent hypnotic effect of solutions containing both chloral hydrate and alcohol. 
Statements (1 to 6) frequently have appeared advising against the use of these 
drugs in the same preparation. The reason usually given for these warnings is 
that a toxic compound is formed, c.g., “the chloral alcoholate formed" (1), “the 
formation of a toxic agent” (2), and “chloral alcoholate ... a powerful and 
rapidly acting cerebral depressant” (3). No data were found in the literature 
to support the implication of these statements that the compound formed is 
more toxic than chloral hydrate. Indeed, adequate data to justify the claim 
that a toxic compound is formed at all appear to be lacking. Hargreaves (4) 
has shown that, when liquid preparations contain alcohol, chloral hydrate and 
an alkali bromide, a separation incompatibility may occur due to the “salting 
out” of an oify layer which is said to contain chloral, chloral alcoholate and 
alcohol. Since all of the chloral may be found in the oily layer, the danger of 
overdosage is present when the preparation is used without proper shaking. 
This incompatibility is justification for warnings against such mixtures but gives 
no information on the toxicity of preparations in which the separation does not 
occur. 

Chloral alcoholate is available in crystalline form, but it has been claimed that 
in aqueous solution it is converted to chloral hydrate (7). If this is true, it 
follows a priori that there is practically no possibility of systemic action from 
chloral alcoholate, as such, when taken by mouth. A strongly alcoholic vehicle 
for the chloral alcoholate would not prevent the change to chloral hydrate in 
vivo. For, in addition to the decrease in alcoholic strength resulting from dilu- 
tion by alimentary fluids, the drug would be transported in an essentially aqueous 
medium (blood plasma) before it reached the central nervous system. Certainly 
the blood concentration of alcohol or chloral hydrate during the most profound 
depression by either of these drags (less than 1% in either case) does not alter 
the aqueous properties of plasma. By the same reasoning, therefore, any 
chloral alcoholate formed in vitro by interaction of chloral hydrate and alcohol 
could not reach the nervous system as chloral alcoholate. Acceptance of this 
reasoning is tantamount, to repudiation of chloral alcoholate as the toxic agent 
of “knock-out drops”. 

However, adequate proof that chloral alcoholate in aqueous solution become- 
chloral hydrate is unavailable. Apparently this is due to the lack of specific 
methods for determining chloral alcoholate or chloral hydrate in solutions con- 
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taming both of these drugs The identification of chloral alcoholate in oily 
liquids from which Mater has been removed (4) does not solve the problem 
Regardless of probabilities, the possibility remains that chloral alcoholate, as 
such, may reach the central nervous system It appeared, therefore, worth 
while to investigate the toueitj of solutions obtained bj dissolving chloial 
alcoholate in water 

Experimental A comparative studj of the hjpnotic potencies, acute toxicities, and 
chronic to\icities of solutions made bj dissolving 4 grams of crystalline chloral alcoholate 1 
or chloral hj drate in 100 cc of distilled vi atcr w as earned out on rats, and a few additional 
observations of the acute to\icities of these solutions were made on rabbits cats and dogs 
All administrations were made bj stomach tube to animals from which food but not water, 
had been withheld 16 hours The dosages of the solutions were proportional to body 
weights and arc reported m terms of the weights of the drugs which were dissolved in the 
volumes administered Four per cent solutions w ere sufficiently dilute to av oid lrntation 
and vomiting in most cases and yet not so dilute as to require excessive volumes which 
w ould have overdistended the stomach w hen the larger doses w ere administered Alcoholic 
solutions of chloral alcoholate were not used for the reasons given above and because the 
comparisons of these experiments would have been vitiated bj the introduction of addi 
tional depression from the alcohol alone 

Hjpnotic potencies were compared by observing the duration of hjpnosis (sleep) in 
white rats which had received the cliloral alcoholate or chloral hydrate solution m amounts 
equivalent to 0 4 grain of drug per kgm Each solution w as administered to 18 rats (table I) 
and all tests were concurrent The period of hjpnosis w as arbitranlj taken as the elapsed 
time between the moments (a) when voluntarj movements ceased and the rat failed to 
right itself w hen placed on its side and (6) w hen the rat voluntanlj sat erect again 

Acute toxicities were determined by recording deaths m groups of white rats which 
received the chloral alcoholate or chloral hydrate solution in graded doses ranging from 
0 5 to 1 3 gram of drug per kgm (fig 1) More than 200 white rats weighing 12o to 2o0 grams 
each were used Observations (Table 2) were also made on 30 rabbits (1 to 2 C kgm ), 9 
cats (1 2 to 4 4 kgm ), and 16 dogs (1 2 to 14 4 kgm ) These studies were carried out over 
a period of severnl jears as groups of animals became available Whenever a group was 
tested some of the animals received the chloral alcoholate solution while others received 
the chloral hj drate solution In a few instances those animals which had received the 
smaller doses were used a second time but never without a rest period of at least 7 days 
between tests to avoid the accumulation which may occur if tests are repeated withm 4 
dajs (8) 

The chronic toxicities of these solutions were determined bj r repeating the administration 
of a hypnotic dose (0 4 grams of drug per kgm ) twice weekly to the same group of rats for 
six weeks and then examining each rat at autopsy Two senes of studies w ere carried out 
in different laboratories Chloral alcoholate solution was giv en to a total of 26 white rats 
and chloral hydrate solution to 12 Concurrently control groups totaling 20 rats were 
observed Each control rat received a comparable volume of tap water by stomach tube 
each time that the drugs were administered Following the 12 administrations all rats 
were killed and examined for evidence of gross pathologic lesions The heart, liver, kid 
neys stomach aorta lungs and spleen from 16 rats on chloral alcoholate solution 4 on 
chloral hydrate solution and 9 on control (distilled water) were fixed in 10% formaldehjde 
solution and slides of these tissues were prepared for microscopic examination 

Results The hjpnotic potencies of the chloral alcoholate and chloral h>- 
drate solutions are compared in the summarized data of table 1 The ax crages 

1 Obtained from Eastman Ivodak Co 
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show practically no difference of effect between the solutions. Following either 
solution, the hypnosis time of the individual rat tended to be inversely propor- 
tional to its body weight, but moderate variation in the hypnosis times of rats 
of the same weight was observed. No differences of effect attributable to sex 
were apparent, and judging by hypnosis times, tolerance was not developed. 

All data of acute toxicity in rats are represented in the toxicity curves of fig. 3. 
An LDeo of O.SS gram of drug per kgm. for the chloral alcohointe solution and 


TABLE 1 


Comparative hypnotic effect of aqueous solutions of chloral alcoholalc amt chloral hydrate in rats 


1 

DRUG, 0,4 CRAM PER NOW. 

JUTS 

WEIGHT 

duration* or siwj» 


Ranee | Ay cnee j 


4 i>er cent solution 

number 

7 11 

5 13 

Mil 

mnutti 

120-215 157.8 

00-210 15G.0 

Chloral hydrate 



OOSE IN GRAMS PER KGM. OF BODY WEIGHT 


v,n 1 The Acute Toxicity or 4% Aqueous Solution's of Cutoiiu. Aecouoeate ok 
Fig. 1. TnE c ^ T R E A X^steseu to Bats m Stomach Tube 

The number of rats receiving each dose ^indicated by the number oppos.te each point on 


0.80 gram of drug per kgm. for the chloral hydrate solution indicmte^islightly 
, toxicitv for the latter. Acute toxicity was the same for both -e - 

The acute tadSta of «* ™ ’ SktSS* 

• 4 n Wp 9 tVipsp data too, indicate that the 01 me ^ - 

these experiments, with respect to hjpnosis i •> determining the 
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to both solutions than did any of the other species In contrast to approximately 
2 to 2j hours of sleep m rabbits Or dogs following a do^e equiv alent to 0 5 grams 
of either drug per kgm , cats showed the following effects A dose of chloral al 
cohohtc solution equivalent to 0 5 grams of drug per kgm was followed by (a) 
vomiting in two which recovered the following day, (6) days of comatose 
sleep in a third which then recovered, and (c) 5 days of coma m two which, 
apparently tn extremis, were then killed A smaller dose of the chloral hydrate 
solution, equivalent to 0 4 grams of drug per kgm , was followed bj (a) 3G hours 

TABLE 2 

Acute toxicities of 4 per cent aqueous solutions of chloral a Icoholate or chloral hydrate 
administered by stomach lube to rabbits dogs, and cats 
The upper number of ca< h pair indicates the number of animals receiving the corresponding 
dose the loner number indicates the number of fatalities, due to the drug in the 
corresponding group 


DOSE CHAMS/ | 

| CM LOCAL ALCOHOLATE 

! CHLOSAL B YD SATE 

ECU 

Rabb Is 

Dogs 

Cats 

Rabbits 

J Dogs 

C»ts 

0 50 

11 

8 

5 


3 

4* 


0 

0 

2 


0 

1 

1 00 

10 



8 

3 



0 

'IB 

n m 

1 

mm 


1 10 

11 

i 



mm 



2 

0 



KS 


1 20 

12 

4 


12 




2 

1 


4 



1 30 

8 

4 


4 




1 

3 


4 



1 40 

6 

1 


6 




3 

1 


5 



1 50 

4 



3 




4 



3 




* Tl is dosage uus 0 4 gram/kgm , see teat 


of comatose sleep in tw o with full rccovcij in 3 days, (6) 48 hours of comatose 
sleep m one with recover} in 4 days, and (c) death of one during the 4th da} 
of coma 

All rats of the chronic toxicit} senes gamed weight during the six weeks of 
stud} On gross examination all organs and tissues appeared to be normal 
The microscopic examination of approximately 200 separate tissues from the 
29 rats revealed no patholog}, except one case of acute respir dory infection 
Di*cuss:oi\ Each phase of tins m\ estigation demonsti ated that the solution 
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of chloral alcoholate was not more toxic than that of chloral hydrate. The 
qualitative responses to these solutions, observed under the same conditions 
were indistinguishable. The hypnosis studies shown in Table 1 were similar to 
previous experiments (9) in which the differences between hypnosis times never' 
exceeded 10%, but in which the longer periods usually followed chloral hydrate. 
In general, then, these data show that there is no practical difference between 
the hypnotic effects of the chloral alcoholate and the chloral hydrate solutions. 
The acute toxicity studies in rats consistently showed that the solution of chloral 
alcoholate was slightly less toxic than that of chloral hydrate. Comparing the 
molecular weights of these drugs (alcoholate 193.43, hydrate 165.39), it appears 
that the depressant effects ivere proportional to the number of chloral groups 
administered. The acute toxicity studies in the other species follow the same 
pattern, i.e., slightly less toxic effects from the solution of chloral alcoholate. 
Finally, the chronic studies revealed no basis for regarding the solution of chloral 
alcoholate as especially toxic. Thus, neither in the literature nor in these studies 
could evidence be obtained to support a widely held belief that chloral alcoholate 
is responsible for a particularly potent depression of the central nervous system. 
Additional studies are now indicated to determine whether the “knock-out” 
effect of preparations containing both alcohol and chloral hydrate is due to (a) 
overdosage, ( b ) facilitated absorption of chloral hydrate in the presence of al- 
cohol, (c) simple summation of the depression from each drug, or ( d ) potentiation 
of depression resulting from the concurrent use of chloral hydrate and alcohol. 

This report apparently not only records the first toxicity studies of chloral 
alcoholate, but also provides the first adequate determination of the LD» of 
chloral hydrate solutions administered orally to rats. Griffith and Farris (10) 
calculated an LD 50 for rats from data (11) which, although presumably the only 
data available, were inadequate and obviously not intended for such purpose. 

The delayed recovery of cate following the administration of solutions of 
chloral hydrate or chloral alcoholate suggests that the process of detoxification 
or excretion of these drugs is extremely slow in this species, but no data are 
available to confirm this. The fatal dose of chloral hydrate given by stomach 
tube to cats had been reported as 0.44 grams per kgm. by Sollmann and Hatcher 
(12). The limited data of the present report are in accord with this figure. 


SUMMARY 

The hypnotic potencies, acute toxicities, and chronic toxicities of 4% aque- 
ous solutions of chloral alcoholate and chloral hydrate administered to rats 
by stomach tube have been compared. Additional limited observations of acute 
toxicity were made also on rabbits, cats, and-dogs. 

The qualitative responses to these solutions were indistinguishable, but quanti- 
tatively, in all species, the solution of chloral alcoholate was slightly weaker m 
its depressant action than that of chloral hydrate. In rate, according to tins 
method of comparison, the LD S0 for chloral alcoholate was 0.88 grams per kgm , 
for chloral hydrate 0.80 grams per kgm. Cats were observed to be marked y 
more susceptible to the depressant action of these solutions than an} 
other species. 
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On the ba<us of a\ ailable e\ idence and the data of this study there appears to 
be no support for the widespread impression that solutions containing alcohol 
and chloral hydrate are particularly depressant because of the formation of 
chloral alcoholate as an especially toxic compound 
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of chloral alcoholate was not more toxic than that of chloral hydrate. The 
qualitative responses to these solutions, observed under the same conditions 
were indistinguishable. The hypnosis studies shown in Table 1 were similar to 
previous experiments (9) in which the differences between hypnosis times never' 
exceeded 10%, but in which the longer periods usually followed chloral hydrate. 
In general, then, these data show that there is no practical difference between 
the hypnotic effects of the chloral alcoholate and the chloral hydrate solutions. 
The acute toxicity studies in rats consistently showed that the solution of chloral 
alcoholate was slightly less toxic than that of chloral hydrate. Comparing the 
molecular weights of these drugs (alcoholate 193.43, hydrate 165.39), it appears 
that the depressant effects were proportional to the number of chloral groups 
administered. The acute toxicity studies in the other species follow the same 
pattern, i.e., slightly less toxic effects from the solution of chloral alcoholate. 
Finally, the chronic studies revealed no basis for regarding the solution of chloral 
alcoholate as especially toxic. Thus, neither in the literature nor in these studies 
could evidence be obtained to support a widely held belief that chloral alcoholate 
is responsible for a particularly potent depression of the central nervous system. 
Additional studies are now indicated to determine whether the “knock-out” 
effect of preparations containing both alcohol and chloral hydrate is due to (a) 
overdosage, (5) facilitated absorption of chloral hydrate in the presence of al- 
cohol, (c) simple summation of the depression from each drug, or ( d ) potentiation 
of depression resulting from the concurrent use of chloral hydrate and alcohol. 

This report apparently not only records the first toxicity studies of chloral 
alcoholate, but also provides the first adequate determination of the LD» of 
chloral hydrate solutions administered orally to rats. Griffith and Farris (10) 
calculated an LD m for rats from data (11) which, although presumably the only 
data available, were inadequate and obviously not intended for such purpose. 

The delayed recovery of cats following the administration of solutions of 
chloral hydrate or chloral alcoholate suggests that the process of detoxification 
or excretion of these drugs is extremely slow in this species, but no data are 
available to confirm this. The fatal dose of chloral hydrate given by stomach 
tube to cats had been reported as 0.44 grams per kgm. by Sollmann and Hatcher 
(12). The limited data of the present report are in accord with this figure. 


SUMMARY 

The hypnotic potencies, acute toxicities, and chronic toxicities of 4% aque- 
ous solutions of chloral alcoholate and chloral hydrate administered to rats 
by stomach tube have been compared. Additional limited observations of acute 
toxicity were made also on rabbits, cats, and'dogs. 

The qualitative responses to these solutions were indistinguishable, but quanti- 
tatively, in all species, the solution of chloral alcoholate was slightly weaker in 
its depressant action than that of chloral hydrate. In rats, according to this 
method of comparison, the LD 50 for chloral alcoholate was 0.88 grams per '&rn*» 
for chloral hydrate 0.80 grams per kgm. Cats were observed to be marked y 
more susceptible to the depressant action of these solutions tha a j 
other species. 
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On the basis of available evidence and the data of this study there appears to 
be no support for the widespread impression that solutions containing alcohol 
and chloral hydrate are particularly depressant because of the formation of 
chloral alcoholate as an especially toxic compound 

Acknoulcdgemcnl To Dr Roy R Kracke, Emory University, Georgia, and 
to Dr Arthur W Wright, Albany, New York, I express my appreciation for the 
preparation and examination of the numerous slides in the chronic toxicity series 
of this study. 
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The mechanism of the therapeutic action of quinine as an anti-malarial has 
never been known. Whether this action is a direct result of the attainment of 
optimum levels of unchanged quinine in the blood stream or whether the schizon- 
tocidal action results from the presence of some metabolic decomposition product 
of the drug has been and still is a matter for disagreement. In either case, how- 
ever, the first pertinent factor to be considered is the efficiency with which the 
dose is absorbed. Absorption studies on quinine salts have, in the past, taken 
the form of administration of the drug by mouth followed by periodic analysis of 
blood by various methods. It is obvious, however, that following its adminis- 
tration, the level of quinine in the blood stream is a result not only of the rate 
of absorption from the intestine, but also of the rates of its removal into the urine 
and of its metabolic destruction. More direct measurements of the rate of its 
disappearance from the intestine are therefore desirable. Such measurements 
may take either of two courses: the whole intestinal tract of the animal may be 
employed as in the Cori (1) technique, or an isolated segment of the intestine 
may be employed as described by Johnston (2). The former method gives values 
representative of the absorptive ability of the whole normal animal but labors 
under the disadvantage of requiring the sacrifice of each animal os a part of the 
procedure. Strictly comparable results 'are less possible therefore than in the 
use of isolated intestinal loops. Although such loops represent only a fraction 
of the absorbing surface of the animal, they make possible more accurate com- 
parisons between different compounds since repeated determinations can be 
made on the same animal and there is no possibility of fecal loss. 

In the present paper we wish to report on the relative rates of absorption of 
quinine sulfate and quinine dihydrochloride from such a loop. Because of its 
insolubility, the relatively much more common and inexpensive sulfate would be 
expected to be less rapidly absorbed than the dihydrochloride. On the other 
hand, the same argument appears not to hold when applied to a natural but 
relatively insoluble amino acid such as cystine. Measurements reported by 
Andrews, Johnston and Andrews (3) of the relative rates of absorption of cystine 
in the insoluble isoelectric condition and as the very soluble sodium salt gave 
practically identical results. It is possible however that a distinction should be 
drawn between a natural product of protein digestion and a comparatively 
"foreign body” such as quinine. 

Methods and results. Dogs with jejunal loops were prepared for us by 
the courtesy of Dr. C. G. Johnston, of the School of Medicine of B ayne L Di- 
versity, by the method described by him (2). One such dog, a spaniel wc.glung 
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13.85 kilos, was used for the measurements described below. In order not to 
fatigue the animal, intervals of at least three days were allowed to elapse between 
each absorption experiment. At all times, the dog was kept on a normal animal 
house diet. 

The duration of such absorption experiments must necessarily be such that 
not all of the substance bcmg tested is absorbed. A number of preliminary 
trials are therefore necessary to establish a proper period for each substance 
investigated. It is, moreover, necessary to determine whether quantitative 
recovery of the introduced substance can be obtained when the latter is washed 
out of the loop immediately after its introduction. Careful determination of 
this point is especially necessary in cases where, as with quinine sulfate, complete 
solution of the administered drug cannot be attained. 

In all experiments, whether tests of absorption speed or of recovery of the 
drug, the loop was first washed free of accumulated mucus by means of physio- 
logical saline solution. The rubber catheter with balloons was then introduced, 
the balloons inflated and after further washing the charge of the drug was 
introduced from a 50 ml. synnge. In case of quinine dihydrochloride the dose 
was dissolved in water, in case of the sulfate it was suspended. In both cases 
all traces of the quinine salt were washed into the loop by successive small 
amounts of warm water 

After removal of the quinine salt from the loop and thorough washing of the 
latter, the combined solution and washings were made up to a definite volume 
(1000 ml.) and at least four aliquots were analyzed for quinine by the method by 
ICyker, Webb and Andrews (4). 

Preliminary attempts to remove the introduced salt at once and quantitatively 
gave very incomplete recoveries, particular^' in the case of the sulfate The 
recovery figures usually ranged from 65 to 75% of the drug. In the case of the 
dihydrochloride, subsequent work indicated that these low recoveries were 
largely due to the very rapid absorption of the drug. A more speedy technique 
raised these figures to values varying from 90 to 98%. However, in the case of 
quinine sulfate the removal of portions of the solid salt, surrounded by clots of 
mucus, indicated that the difficulty was largely mechanical. 

More quantitative recoveries of quinine sulfate w r ere finally obtained by taking 
advantage of the mcreased solubility of quinine sulfate in 0.9% sodium chloride 
solution. The rather surprising increase in the solubility of quinine sulfate in 
increasing concentrations of sodium chloride appears not to have been previously 
reported in the literature. A number of measurements w r ere therefore made of 
the solubility of quinine sulfate in sodium chloride solutions at 40° 0.01 °C. 

For the purpose of these measurements, an excess of pure recrystallizcd 
quinine sulfate was suspended in the sodium chloride solution in a flask, immersed 
in the constant temperature bath and occasionally agitated. At intervals, 
aliquots of the clear liquid were withdrawn and the attainment of equilibrium 
between solid and liquid phase determined by constancy of the optical activity 
of the solution When this point w'as reached, measured volumes of the solution 
were weighed and used for the determination of the quinine content (4). The 
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data are recorded in table 1 . This solubility curve is of interest in that it reaches 
a maximum at about 2 to 4% sodium chloride after which it decreases rapidly. 

Taking advantage of this enhanced solubility in physiological saline, the latter 
was used for washing out the loop. A series of such experiments gave recoveries 
of 93, 90, 86, 93 and 98%. It would seem reasonable to suppose that in the 
. case of the dihydrochloride solubility considerations do not enter and that rapid 
technique alone contributes toward successful recoveries. With quinine sulfate 
however, the question of solubility as well as of moderate speed of absorption no 
doubt influences recoveries unless the sodium chloride technique is used. The 
very rapid absorption of the dihydroehloride has been commented on by Kaiser 
(5) w ho Vi as able to demonstrate quinine in the blood of dogs eight minutes after 
giving the dose by mouth. He also reported similar findings for quinine sulfate. 

For all measurements herein reported the dose of the quinine salt used was that 
corresponding to 0.020 grams quinine sulfate per kilo of body weight, an amount 
comparable to normal human dosage. This corresponds to 0.0174 gram free 
base per kilo or to 240.6 mgm. free base for the whole animal. Amounts of 

TABLE 1 


Solubility of quinine sulfate (QsILSO,) in increasing concentrations of sodium chloride r.l 
(both concentrations expressed as prams per 100 grams solution) 


CO\ r c. or NaCl 

COS'C. OF QUIKLNE SULFATE 

0 

0.239S 

0.G154 

0.45S5 

1.9913 

0.496S 

4.9392 

0.31G2 

9.4GS8 

0.1532 


either sulfate or dihydrochloride corresponding to the above amount of free base 
were therefore used for all experiments. 

While the chief object of our experiments was to measure the relative rates of 
disappearance of quinine sulfate and quinine dihydrochloride from the intestinal 
loops, the levels of quinine attained in the blood stream and excreted in the urine 
were also followed. Before each absorption experiment, a normal blood sample 
was taken, usually from the right jugular vein, and the urinary bladder was 
emptied by catheterization. These normal samples, although from the un- 
medicated animal, were used for the usual determination of quinine in order to 
assure the absence of any substance which might behave like quinine (4). The 
charge of quinine salt was then introduced and, on completion of the experiment, 
removed as described above. Immediately after washing of the ioop was com- 
plete, a sample of blood was taken as before and the total accumulation of urine 
since taking the normal sample at the beginning of the experiment was removed. 
The quinine content of both the blood and the urine was then determined by the 
same method (4) as that used for the washings from the loop. In ease of Wood 
and urine samples, two separate extractions were made with triplicate readings 
on each extraction. All figures reported are the average of all triplicates. 
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The data obtained from these measurements are recorded in table 2 It will 
be noted that all figures for quinine concentiations and rcco\enes aie expres c ed 
as the free base, regaidle-s of which salt was used In general, the percentages 
of the drug absoibed for an} gi\en length of experiment are more irregular for 
the sulfate than for the dihj di ochlondt This would be expected in \ lew of the 
much grcatci difficult} of washing out in an> quantitative wax, the particles of 
solid quinine sulfate, often sunounded b} a mucous coating and adhering to the 
intestinal wall Bn^ed on the solubility of quinine sulfate in 0 9% sodium 
chloride as reported in table 1 the 300 cc of this solution used for washing the 

TABLE 2 

The absorption of gimme as the sulfate and the hydrochloride fron nn isolated intestinal 
loop of a dog uetghng IS 85 Ig 


\J1 doses of quinine salts contained 210 6 grams free ba^e 


Length of 1 
EXFT | 

j QtfIMNr | 

BLOOb j 

VUNE 

j Recovered I 

Percentage 

absorbed 

[ T me from 1 
dose to blood 
collect on | 

Cone of 
quo ne 

Total , 
eicret on 
pet od ] 

Qunnt 

cone 

Total 
rtcove ed 

Quinine sulfite 

m tt 

mtm 


m n 

m[tn /I 

fit 

j mg fit /l 

fitgm 

GO 

54 5 

i7 A 

72 

5 0G 




GO 

72 2 

”0 0 | 

63 

3 01 

84 

1S3 6 

2 64 

60 

65 0 

73 0 

S4 

4 62 

111 

ISO 7 ■ 

1 45 

60 

~4 7 

69 o : 

63 

4 62 

96 

1% 7 

2 30 

60 

73 G 

69 4 

63 

4 71 

77 

190 9 

2 34 


Quinine dihj drochlonde 


10 

76 9 

6S 0 

13 

3 61 

30 

1 132 9 

1 1 18 

10 

83 1 

j 65 5 

15 

3 14 




10 

81 3 

Ob' 2 1 

10 

3 OX 

■ 31 

' 140 0 

f 20 

10 

SO 1 

66 7 

14 

3 76 

33 

119 8 

1 80 

15 

| 37 7 

84 3 

23 

9 05 

46 

151 1 

0 70 

30 

i 27 1 

SS 7 

45 

4 3G 

60 

123 6 

0 S7 

60 

6 9 

97 1 

85 

2 69 

105 

40 7 

1 63 

CO 

16 2 

93 3 

62 

2 03 

110 

127 5 

0 SO 

115 

6 9 

97 1 



140 

128 7 

1 80 


loop should be much more than necessary to effect complete solution if attain 
ment of equilibrium is not hindered b} mucous coatings 

The much slower rate of absorption of quinine sulfate as compared with the 
dih> drochlonde is obvious >.carl> as much of the lattci is absorbed in ten 
minutes as of the foimer m sixty Howev ei it should not be concluded that this 
c\peumental fact ncccssanl} justifies the issumption of greatei antimalanal 
efficiency on the pait of the dih>diochloude Hie lnttei undoubted!} produces 
i more rapidly leached and peihaps a tmnsicnt!} higher peak of blood quinine 
conccntiation but as indicated in table 2 the level of quinine in the blood CO 
minutes after adm initiation in the loop has lemamed ntirl} twice as high m 
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Both protamine (1) and globin (2) when combined with insulin and injected 
subcutaneously result in a less intense but more prolonged hypoglycemic action 
than is obtained with insulin alone. This fact has been explained by' the assump- 
tion that the material remains at the site of the injection for a considerable 
length of time and that it releases insulin slowly. Beecher and Krogh (3) have 
studied the absorption of insulin and protamine insulin using methylene blue as 
a tiacer. Their experiments suggested that insulin was absorbed several times 
as rapidly as piotamine insulin. Reiner, Keston and Green (4) have described 
the use of ladioactive iodine in measuring the absorption rate of insulin after 
subcutaneous injection. The determination of the relative rates of absorption 
of insulin, globin insulin, and protamine zinc insulin labelled with radioactive 
iodine is the object of this investigation. 


ExpcRnrE.XTAl. The insulin used was labelled by the introduction of p-nzoiodobcnzcne 
(containing radioactive iodine) into the insulin molecule The introduction of iodine in 
this manner causes no significant change in potency and the insulin nzo compound can be 
obtained in crystalline form if desired (.5) 

Preparation of Iodoanihne The methods for micro technique described by Morton (G) 
vere used in the synthesis of p-iodoanilinc and in subsequent manipulations Radioactive 
iodine of S-day period was prepared by deuteron bombardment of tellurium in a target of 
cobalt-copper tellunde One hundred micrograms of iodine as potassium iodide w ere added 
and the target was dissolved in 6 molar nitric acid The iodine was distilled into carbon 
tetrachloride from which it was extracted with a solution of sodium thiosulfate equivalent 
to the added iodine The solution containing 100 nucrograms of the radioactive iodine was 
then evaporated to a volume of about 0 10 ce This solution was then acidified by the addi- 
tion of hydrochloric acid and the iodine liberated by adding a slight excess of potassium 
lodate, each reactant being contained in 0 01 cc The solution was then made alb lime with 
sodium bicarbonate and one micromol of aniline added The mixture was stirred inter- 
mittently for a half hour, then rcacidified with hydrochloric acid, and about half the pre- 
vious amount of potassium mdate added It was made alkaline with sodium bic irbonale 
and stirred intermittently as before This was repeated a third time to insure the conxer- 
sion of the major part of the radioactne iodine into p-iodo imbue 

Preparation of Insithn-p-azoiodobenzcnc The mixture was then acidified with hydro- 
chloric acid and the p-iodoamline diazotized in an ice bath In the slow addition of sodium 
nitrite To this solution was added 10 mgm of insulin, crjim dent to 200 I U , dissolved 
m the minimum amount of X/10 hydrochloric acid, and the pH was adjusted to between 
S and 9 by the addition of sodium hydroxide and disodium phosphate The solution was 
allowed to stand for one hour in the ice bath to insure complete coupling The insulin azo 
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dye was then precipitated sevenl times at its isoelectric point in the presence of non 
radioactive potassium iodide, p lodoamhnc and p lodophcnol and nas finally dissolved in 
In. /10 hydrochloric acid and diluted to 1 Occ to give a concentration of 200 1 U percc 

Globin Insulin To 0 25 cc of the insulin azo dye solution u as added 0 15 mgm of zinc 
in the form of zinc chloride solution and sufficient globin solution to .contain 1 9 mgm of 
native globin The pH was adjusted to about 3 5 by the addition of N/10 NaOH and the 
solution diluted to a concentration of 80 I U per cc using distilled water containing 
sufficient tricresol to give a final concentration of 0 10 per cent This gave a clear yellow 
solution which contained 0 30 mgm zinc and 3 8 mgm of globin per 100 I U insulin 

Protamine Zinc Insulin To0 375cc of the insulin azo dye solution were added solutions 
containing 0 15 mgm of 2 inc ns zinc chloride, 1 5 mgm of protamine as protamine sulfate, 
15 mgm di'odium phosphate and 15 mgm glycerine The pH was then adjusted to about 
7 by the addition of dilute sodium hydroxide and the solution diluted to a concentration of 
80 I U percc using distilled water containing sufficient tricresol to give a final concentra- 
tion of 0 20 per cent The whitish yellow precipitate which formed settled out very slowly 
on standing leaving a clear colorless supernatant liquid indicating almost complete pre 
cipitation of the msulm 

Insulin Solution The 0 375 cc of the insulin azo dye solution remaining was diluted to 
a concentration of 80 1 L percc using distilled water containing sufficient tricresol to give 
a final concentration of 0 10 per cent This gave a clear yellow solution having a pH of 
about 3 

Absorption tfateflelerminaPons Albino rabbits weighing from 2 5-3 5 hgm were starved 
for 22 hours previous to and during the experiments The rabbits were divided into three 
groups and a blood sample for sugar determination taken from each animal Each rabbit 
was then injected subcutaneous!} (shallow) with 1 21 U of insulin, globm insulin or prota- 
mine zinc insulin u*ing a microsyringe and marking the site of the injection Following a 
fixed period of time after the injection a second blood sample was taken and the animal 
killed by injecting chloroform The skin and part of the under)} mg tissue w as then excised 
at the site of the injection in a circular form about J-l inch in diameter and frozen im- 
mediately with solid carbon dioxide The thyroid was also removed and frozen Blood 
Bug ir determinations were made by the method of Hngedorn-Jenscn \ total of 60 rabbits 
were used in these experiments The radioactivity counts were made on the intact frozen 
skin samples using a recording counting rate meter and a Geiger Muller counter with a 
filter permitting the measurement of gamma raj s only Control samples w ere obtained by 
injecting excised skin patches with the same amounts of material and following the same 
technique as used w ith rabbits 

Results Conclusions drawn from the results obtained (given in table 1 
and figures 1 and 2) depend on the \ ahdity of the assumptions that (1) a modifi- 
cation of the insulin through the formation of an azo derivative and the presence 
of radioactive iodine in the molecule do not alter its hy pogly cemic activity, and 
(2) that the radioactrv c iodine remains coupled to the insulin at least until the 
time when it e\erts its hypoglycemic action It has been shown (5) (7) that 
azo dem ati\ cs of insulin exert a h\ pogly cemic action w hich is not distinguishable 
from that produced by regular insulin pro\ ided that the number of groups intro 
duced is small and that they do not contain strong acidic or basic groups which 
shift the isoelectric pi capitation zone of the insulin m either the acid or alkali 
direction The blood sugai curves shown in figure 1 also seem to justify the 
first assumption since m general they are quite ty pical of cun es obtained in the 
laboratory for unmodified protamine zinc insulin, globm lasuhn and insulin 
pieparations Ilowevci, the 1 hour 20 minute value on the protamine zinc 




Some support is afforded the second assumption by the fact that very little 
radioactivity was found in the thyroid glands. Destruction of the radioactive 
insulin preparations, if it occurred, had not progressed to such an extent that 
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iodine was made available for the thyroid. The fact that radioactive iodine can 
be utilized by the thyroid has been shown previously (8). 

It has been suggested that a correlation exists between the rate of insulin ab- 
sorption and the intensity of hypoglycemic action (4). This was confirmed 
by the experiments presented in this paper inasmuch as rapid decrease in radio- 
activity is usually associated with low blood sugars. The rate in the decrease 
of radioactivity at the site of injection was the greatest with insulin and cor- 
respondingly the hypoglycemia produced by this preparation was the most 
intense. Dissipation of radioactivity was the slowest in rabbits injected with 
protamine zinc insulin. Likewise the hypoglycemia produced by this prepara- 



Fig. 1. Relative Blood Sodas Corves 

Ins. = insulin, G. I. — globin insulin, and P. Z I. « protamine zinc insulin; each point 
is the average obtained with four rabbits. 

tion w as the least intense and the slowest in onset. The values for globin insulin 
were intermediate for both hypoglycemia and rate of decrease of radioactivity. 
Obviously the duration of hypoglycemia is also correlated with the rate at which 
radioactivity, that is, insulin, disappears from the site of injection. The dura- 
tion of hypoglycemia with insulin was the shortest, and with protamine zinc 
insulin the longest. 

The differences in absorption rates of these three preparations are quite 
marked. For example it requires about 15 times as long for protamine zinc 
insulin and about 3 times as long for globin insulin as for insulin to reach the 
level at which 40% of the radioactivity has disappeared. At this point the 
protamine zinc insulin curve appears to be starting to level off. This occurs 



Percentage of Radioactivity Remaining at the Ate of the Infection 
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about 12 hours following the injection. The globin insulin curve tends to flatten 
out somewhat about 9 hours after mjection at which time about 05% of t) 
radioactivity has disappeared. It is also of interest that insulin (as measure 
by the radioactivity) disappears from the site of injection about 3 times as fa; 
as does globm insulin until about 6°% of the injected materials have disappear 
If diffusion were the process which determines tiie rate of absorption of irtsuli 
one would expect that the logarithm of the residual radioactivity plotted agains 
time should give a straight line. This was not the ease in our experiments 
The relative rate of absorption of insulin appears to decrease in all cases witl 



Ins. — insulin, G. I. = globin insulin, and P. Z. I, = protamine zinc insulin; each point 
is the average obtained with four rabbits. 


time. This suggests that the process of absorption is rather complex but may 
also be due to some inhomogeneity in the preparation, 

SUMJLART 

Radioactive iodine has been used for labelling insulin by coupling diazotized 
radioactive iodoaniline to insulin. The absorption rate of radioactive insulin 
injected subcutaneously was compared with its absorption rate from two depot 
insulin preparations by measuring the decrease of radioactivity at the site of the 
injection. A correlation was found to exist between th e differences in the ab- 
sorption rate and the differences in the intensity of hypoglycemic action produced 
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by the preparations studied The rate of the absorption of insulin from these 
preparations ivas found to be in the following order insulin > globin insulin 
(with zinc) > protamine zinc insulin 
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The use of an extract of curare (Intocostrin— Squibb) as a means of improving 
muscular relaxation during inhalation anesthesia revealed the fact that curare 
causes more respiratory depression during ether anesthesia than during cyclo- 
propane anesthesia (1). The available evidence seems to indicate that, al- 
though there is some direct effect on the respiratory center (2), curare in single 
therapeutic doses affects peripheral muscular action by interfering with the 
ability of the muscle cell to respond to the nicotinic action of acetylcholine. It 
seemed likely, therefore, that the greater respiratory depression which occurs 
when curare is used during ether anesthesia might be caused by a peripheral ac- 
tion of ether on the humoral mechanism of the transmission of nerve impulses. 
The investigation was don e by determining the response of the gastrocnemius 
muscle of the dog to intraarterially injected acetylcholine and to electrical stimu- 
lation of the sciatic nerve. The agents used were cyclopropane, ether, ethylene, 
sodium ethyl (1 methyl-butyl) thiobarbiturate (Sodium Pentothal), and tri- 
bromethanol with amylen e hydrate (Avertin Fluid). 

A curariform action of ether was described in 1914 (3). This action was 
said to be curariform because no alteration in action currents of the nerve could 
be demonstrated even when the etherization was of sufficient depth to sig- 
nificantly decrease the magnitude of the muscular response to nerve stimulation 
by the electric current (4). In cats whose spinal cords were sectioned, the 
presence of ether in the blo<)d stream decreased the extent of contractions elicited 
b}' injecting acetylcholine (5). Pertinent evidence that the interference by ether 
with the transmission of nerve impulse to muscle cell was humoral was supplied 
by the observation that ferine potentiated the muscular response to injected 
acetylcholine in a cat anesthetized with ether (5). Although our results cor- 
roborate these observation^ other authors (6) could not duplicate them. Their 
injections of acetylcholine were made, however, into vessels drained of blood 
and perfused with saline solution. The ether and eserine could not therefore act 
on the humoral mechanism j n the isolated muscle. It is interesting that, in 
1914, chloroform was four,d not to affect the muscular contraction excited by 
electrical nerve stimuli (7), It is a long established concept that neuromuscular 
transmission is more susceptible to depression than nerve tissue or striated 
muscle (8). 


■Methods. In order to ascertain whether or not the dog has the same reduced tolerance 
to curare during inhalation anesthesia with ether that human patients have, four dogs acre 
anesthetized on different occasions with cyclopropane and ether, and 1 mgm. per kgm. 0 
the curare extract was injected intravenously. In the presence of ether, there was a is 
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twct increase in tlie length of respirator depression Tins was characterized by longer 
periods of complete respirator} arrest and prolongation of the period of intercostal paraly- 
sis One dog was also anesthetized in the same fashion ami mjrrted with 1 mgm ptr hgm 
of d tuboeurarinc 1 his is the active principle in the cur ire e\tr ict mil is s ud not to have 
any direct effect on the respiratory center (9) This dog however, behaved as did the 
others that were given the extract of curare These dogs as w ell as all animals used in this 
investigation w ere premedicated withl mgm of morphine sulphate per hgm and 065 mgm 
of scopolamine hydrobromide 

Muscular responses to injected acetylcholine and electrical ner\e stimulation were 
obtained in the following manner The dog was anesthetized by means of the carbon 
dioxide absorption technic An endotracheal catheter was introduced and connected to 
the closed system, and the anesthetic agent and oxygen were added as needed to maintain 
anesthesia and insure adequate ox>genation at all times The concentrations of the an 
esthetic agent in the rebnvithing bag and blood were not determined The depth of an 
oathcsia was estimated from the animals response The gastrocnemius muscle was then 
freed and the tendon severed Care was taken not to disturb the blood or nerve supply 
The tendon was connected to a heavil} weighted lever which recorded on a kymograph 
The lever had a 6 1 ratio of advantage The leg was supported b} a clamp at the lower end 
of the tibia and fibula and braced by a rod placed in the popliteal space The femoral 
artery was exposed and dissected free until it dipped into the popliteal space One of the 
small branches closest to this point was cannulated and the cannula connected to a tuber- 
culin syringe The injection of acetylcholine this close to the blood vessels suppl>ing the 
gastrocnemius muscle produced consistent results The injections were made as rapidly 
ns possible Although the amount of acetjlcholinc which was injected varied the total 
volume of fluid was always constant The sciatic nerve was exposed proximally at its 
entrance into the leg In some experiments it was severed in others it was not 

The electrode pierced the nerve and was fixed at this point Stimulation was obtained 
b> the momentary closing of a spring key The current was supplied from a Lovett 
Garceau stimulator w ith the frequency set nt 120 per second The output of the apparatus 
could be varied from a minimal stimulus arbitrarily termed 0 on the scale to a maximal 
stimulus registered ns 20 

Results Figure 1 is representatix c of the consistent results obtained in four 
dogs m « h:ch &cet}}c}Kjhne nos injected intro artenaUj uith the sciatic none 
intact In Section A, the dog was under moderate cyclopropane anesthesia 
(Stage III, Plane n), and had been for at least one hour Injection of 0 5 mgm 
acety Icholine ga\ e a significant contraction The cyclopropane was then w ashed 
out of the dog by flushing the closed system with oxygen, and the dog awakened 
to the point of generalized muscular moxement In order to be reasonably 
certain that the preceding agent was practically eliminated, the system was 
w ashed out several times w ith the second agent used The dog w as then anes 
thetized with ether to the same depth as with cyclopropane The muscular 
response to 0 5 mgm of acetylcholine, as shown m Section B, failed to occur, 
and only a minimal contraction was obtained with 1 mgm An attempt was 
then made to wash out the ether, and the dog was awakened to the point of 
exhibiting general muscular moxement The animal was then reancsthetized 
with cyclopropane to Plane in (deep anesthesia) Section C shows that there 
was a return of ability of the muscle to respond to the acetylcholine The con 
tinction was less than in Section A, lmt, undoubtedly , a considerable amount of 
ether was still present m the blood st ream and hpoul tissue It is yyell known 
that c\ clopropane is rapidly eliminated, wheieos ether lca\ cs the tissues slowly 

In spiti of the cyidence, already mentioned (4), that cthci docs not intcrfcie 
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\\Tth the conduction of impulses through nerve tissue, it was thought advisable 
to repeat this experiment with the sciatic nerve sectioned. In experiments on 

two dogs the difference in the response to cyclopropane and ether remained 
the same. 

One dog was anesthetized with a nonasphyxial concentration of ethylene 
(80% ethylene, 20% oxygen). As shown in Section A, figure 2, the muscular 
contraction was satisfactory with 0.1 mgm. of acetylcholine. The ethylene was 
then discontinued and the dog allowed to inhale 1 00 per cent oxygen. When 


Afcfve not Lb 1 



Fig. 1 .A = Contraction of gastrocncmcus muscle from the intra-arterial injection of 
acetylcholine dining moderate cyclopropane anesthesia. 

B = Same duiing ether anesthesia of same depth. 

C — Same after return to cyclopropane anesthesia of greater depth. 
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Tig. 2. A = Contraction of gastrocnemius muscle produced by the intra-arterial in- 
jection of acetylcholine during ethylene anesthesia. 

B --- Same under pcntothal anesthesia. . . 

C = Same after partial recovery from pcntothal and during moderate anesthesia with 
cyclopropane. 

general muscular movement returned, 0.075 gram of sodium pcntothal was 
injected intravenously. This amount produced respiratory arrest which lasted 
approximately five minutes. During this time, artificial respiration was em- 
ployed to prevent anoxemia. Even after the resumption of spontaneous respira- 
tion considerable more acetylcholine was required (0.2-0.3 mgm.) to effect the 
same magnitude of contraction that was elicited under ethylene anesthesia 
(Section B, figure 2). Later, when it was estimated that the blood level of the 
barbiturate was minimal, this same dog was given cyclopropane, and, as shown 
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m Section C, hguie 2, a satisfactory contraction was obtained with only 0 1 
mgm of acetylcholine, indicating improved ability of the muscle cell to icspond 
llxe production of acetylcholine by the ncivc takes place it the teiminal fila 
ments withm the muscle cell When acetylcholine is injected mtra aitcriallv 
it might not achiev e a comparable effect We thought it ad\ isabic, thciefoie, to 
attempt a more physiologic excitation of the humoial mechanism by clectncal 
stimulation of the sciatic nerve Figure 3 shows the observations on one dog 
These ob«ei\ations were consistent in experiments on five dogs It will be seen 
Irom Section A, figuic 3 that quite satisfactoiy conti actions were obtained with 
a minimal stimulus with the dog in a moderate plane of cyclopropane anesthesia 
(Stage III, Plane n) The cyclopiopanc was then discontinued and washed out 
of the dog with oxygen Ether was added aftci the dog had legamed gencial 
muscular moyement, and the anesthesia was carried to the same pi me as it h ul 
been with cyclopiopane Aftei only fiye minutes of ether, thue was definite 
diminution in the magnitude of the conti action with the minim il stimulus 
(Section P, figure 3) Aftci twelve minutes of ether admuusti ation, but with 
no mciecsc in the depth of anesthesia the minimal stimulus failed to elicit i 
significant contraction (Section C, figuic 3) Only when the stimulus was m 
ci cased to a scale i e ading of 7 w as thci c a definite contrac t ion (Section E figuic 3) 
The dog was then given 0 5 mgm of piostigmmc methv Isulfatc mtrav enouslv 
The anesthesia was maintained at the Mme level live minutes aftei the 
piostigmine had been given, a m irked conti action occuueel with the Oaucati 
scale reading at 7 (Section T, figuic 3) It was now possible to obtain a sig 
mficant response to the minimal stimulus (Section H, figure 3) An attempt was 
then made to eliminate the ether, and aftei the dog showed gcncial muscular 
activity, cvclopropane was added In the picscnce of cyclopropane and 
prostigminc, the magnitude of contraction with the minimal stimulus was gicatct 
than that which oceuired in the presence of etlici (Section I, figuic 3) Hie 
cyclopropane was then washed out and the dog agun given ether, and the con 
ti action with the minimal stimulus was Ic^s than thatoccumng in tin pi essence or 
cyclopiopane (Section J, figure 3) 

Figeue 4 shows a comparison in one dog of the milsculai contraction during 
deep anesthesia with cvclopropane (Stage III, Plane in) and deep anesthesia 
with tnbio methanol with aiuykne hvdrate (Avutm Plmd) Section A shows 
the magnitude of the contraction with a minim il stimulus during incsthcsia 
with cyclopropane fhi dog was then given 200 mgm pel kgm of a 3% solu 
tion of Aveitin rimd mtiapcutoncilh , and the cvcloprop me eliminated In 
flushing the system with 100% oxygen As can he seen m Section C , figuic I, 
thue was only moderate reduction of the magnitude of the contraction with a 
minimal stimulus even in anesthesia deep enough to cause respiratory at rest 
During this period artificial respuation with 100% oxv gen was performed 
With the return of spontaneous icspiration and a lighei plane of anesthesia 
(Stage III Plane n) the magnitude of the response to a minimal stimulus was 
not less than that during anesthesia with cvcloprop inc (Section E figure 4) 

1 iguie 5 lllustiates the potentiation of the response to minimal stimuli c uiscd 
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by the administration of pttMigrmne metiiylsuMatc during cyclopropane anes- 
thesia in three dogs This potentiation persists when the agent is changed 
to ether. 



Tig r . • • « imal stimulation of sciatic 

nerve d ■ ' Stimulator reading « 0 

C — * . “ piratorj arrest, (artificial 


}) » Same during tribromcthnnol anesthesia after respiration resumed 
£ - Stimulation during tnbromcthnnol anesthesia 10 minutes after respiration resumed 




Fig 5 A = Contracts * ‘ ' ’ sciatic nerve during moderate 

cyclopropane anesthesia 
B — Same after 0 5 mgr 

C = Contraction with s ■ ■ sciatic nerve during moderate 

ether anesthesia 


Disclssion These observations show that the anesthetic agents which were 
studied affect the humoial transmission of neno impulses, i c , the ability of the 
muscle tell to respond to acctj lcholmc injection and to elect ncal stimulation of 
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the nerve. It seems unlikely that the difference in response is due fo changes in 
the ability of the nerve to conduct impulses. The results were consistent, re- 
gardless of whether the nerve was intact or severed. As stated earlier, ethor'was 
found not to reduce the electrical disturbance in the nerve (4). In addition, it 
can he inferred from the observations of Brown cl al (6), that the agent must 
come in contact with the nerve endings and muscle cell to alter the contraction 
response. Since our investigation of this problem was stimulated by the respira- 
tory depression which occurs with the administration of curare during ether 
anesthesia, it is of interest, also, that observations were made in 1914 (10° which 
indicated that “probably the intoxication of the peripheral respiratory mecha- 
nism has some share in the early stoppage of the respiration by ether anesthesia.” 
Our experience with d-tubocurarine corroborates the significant peripheral effect. 

The exact site of interference is not clear. Tiie agent could depress or stimu- 
late the activity of cholinesterase or depress or stimulate the receptor substance 
in the muscle cell. The potentiation of the contraction by prostigmine gives 
further evidence that the interference with contraction is located in the Immoral 
mechanism, but docs not necessarily indicate a previous depression of acetyl- 
choline or stimulation of cholinesterase by the anesthetic agent. There still 
might be depression of the receptor substance, which was capable, however, of 
responding to the acetylcholine when its hydrolysis was delayed by depression 
of the cholinesterase with prostigmine. 

There is a report of in vitro experiments which indicates that the gaseous 
and volatile anesthetic dings anti the nonvolatile tribromethanol and evipai do 
not inhibit the activity of cholinesterase (11). It has also been stated from 
observations made on rats that, the production of acetylcholine is increased with 
cyclopropane and diminished with ether and ethylene (12). Another report 
adduces evidence from in vitro experiments that cholinesterase is inhibited by 
ether and chloroform (13). The latter author suggests that (he actions of 
prostigmine and ether and chloroform differ only quantitatively. If this were 
the only effect in vivo we would not have observed the progressive depression of 
muscular contraction with ether as shown in figure 3 but rather a progressive 
enhancement of that contraction. Additional contradictory evidence of depres- 
sion of cholinesterase by chloroform is the lack of increased magnitude of muscle 
contraction during chloroform anesthesia in vivo (7). The depression of muscu- 
lar contraction during ether anesthesia probably is duo to inhibition of acetyl- 
choline or of receptor substance. It is well established that curare acts on the 
receptor substance in striated muscle. In our experiments and in clinical 
application, ether seems to potentiate this action. Although we are unable to 
differentiate the site of action of ether from our experimental evidence, it seems 
most probable that ether acts to depress the receptor substance. 

SUMMARY 

, Tram the observations recorded in this investigation, it can only be said that 
(1) the contraction of the gastrocnemius muscle which is elicited by intra- 
arterially injected acetylcholine or electrical stimulation of the nerve is less 
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pronounced in dogs anesthetized with ether, tnbrom ethanol and sodium pento 
thal than in dogs anesthetized with c} elopropanc or ethjlene (2) prostigmine 
potentiates the contraction icsponse in the dog anesthetized with cyclopropane 
and ether and (S) the difference in contraction dm ing anesthesia \i ith the \ arm as 
agents is not altered by sectioning the nci\ e supply to the muscle 
It seems likely therefore, that the interference a\ ith the contraction is located 
m the humoral mechanism of transmission of nerve impulses and that ether, 
tribromethanol and sodium ethyl (1 metlnl butyl) tluobarbituratc (Sodium 
Pento that) can be said to have a curauform action Of these three ether causes 
the gieatest interference tubiomethanol and sodium pcntotlnl do so only m 
v ery high blood concentrations 

The clinical difficulties encountered with the concomitant use of ether and 
curare are thus accounted for 

Act nouledgement The Intotostrm used in these experiments was supplied bv 
com test of r R Squibb A. Sons Jscw York 
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The. wide use of the chemical method of determining sulfonamides in both 
blood and urine, as devised by Marshall, Emerson, and Cutting (l), has resulted 
in rational use of these chemotherapeutic agents. By the same procedure 
Marshall and his associates (2, 3) discovered that all the derivatives of sulfanil- 
amide so far examined undergo partial acetylation in rabbits and men while they 
are excreted unchanged in dogs and frogs. Conjugation (presumably acetyla- 
tion) also occurs in fish, chickens, mice, rats, guinea pigs, cats, cows, pigs, horses, 
and monkeys (4). In the interest of comparative pharmacology, the following 
series of experiments were carried out to ascertain the fate of sulfanilamide, 
sulfapyridine, sulfathiazole, and sulfadiazine in other cold-blooded animals than 
frogs and fish. Although p-aminobenzoie acid has an antagonistic action toward 
sulfonamides, its elimination in the body is closely similar to that of sulfonamides, 
namely, it is acetylated in rabbits and men but unaltered in dogs (fi, 7, S). It is 
for this reason that it was included in the investigation. 


Procedures. The animals employed were the spadefoot toad, Scaphiopus holbrookii 
holbrookii, the nebulous toad, Bufo valliccps, the turtle, Pscudcmys elegans, the Leopard 
frog, Rana pipiens, the “Jumbo” bullfrog, Rana catesbciana, and the tree frog, Uyla cinercn 
cincrea. A 1% solution of the sodium snlt of Bulfaniliimidc, sulfapyridine, sulfathiazole, 
sulfadiazine, and p-aminobenzoic acid was freshly prepared. The testing dose in all 
animals was 0.2 mgm. per gram. Following injection of the drug into the ventral lymph 
sac, the spadefoot toad, the nebulous toad, the Leopard frog, and the tree frog were placed 
in individual , perforated cages immersed in a water bath, 1.8 cm. deep, the temperature of 
which varied from 23° to Z3”C. depending on the room temperature. They were sacrificed 
at various intervals by pithing. After the removal of the chest and abdominal walls, blood 
samples were taken by ventricular puncture, and urine samples by aspiration from the 
urinary bladder. Obviously each animal could be bled and aspirated only once. The 
amount of the administered drug in both biood and urine of each animal was determined in 
a photoelectric colorimeter (photelomcler) by the revised method of Bratton and Marshall 
(9), a volume of 0.1 ec. of each specimen being used, making a final dilution of 1:100. In 
every instance an attempt was made to determine the conjugated ns well as the free form. 

Regarding the turtle, the test drug was injected intramuscularly after pithing and the 
removal of the plastron. The turtle was laid on its back and covered with a wet towel 
during experimentation. Blood samples were drawn from the ventricle every § hour for 
2 hours following medication, and at hourly intervals thereafter, for a total period of 7 
hours. This was possible because the turtle has a relatively larger blood volume than the 
above 4 smaller animals. For the same reason, the “Jumbo” bullfrog could be bled re- 
peatedly at definite intervals following medication by the lymph sac and the destruction 
of the central nervous system. Urine specimens were also obtained. 

Results. Since nil the. small animals, namely, the spadefoot toad, the 
nebulous toad, the Leopard frog, and the tree frog, each contributed only one 
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pyridine, sulfathiazole, sulfadiazine, and p-aminobenzoie acid were also promptly 
absorbed-the blood concentration of the free form being highest A hour after 
injection fqr three of the compounds and H hours after iniection for sulfa- 
diazine. There was a slight conjugation, most noticeable with p-aminobenzoic 
acid. The excretion m urine increased progressively, reaching the maximum 
m from If to 7 hours. The conjugated form, except that of sulfadiazine which 



TIME AFTER ADMINISTRATION: HOURS 

Frc. 1. Comparison of Conjugation of Som-athiazole in the Stadefoot Toad and the 

Rabbit 

The graph on the left-hand side represents the average blood concentration ol sulfa- 
thiazole in 28 spadefoot toads each injected by the ventral lymph sac with 0.2 mgm. of 
sodium sulfathiazole per gm. of body weight. The curve through the solid circles designates 
the free 'form, and that through the hollow circles the total concentration. The shaded 
area indicates the amount of conjugation. . . ... 

The graph on the right-hand side is the blood concentration of a rabbit, female, weighing 
2 32 * * sodium sidfflthiazoje Jn the dose of 200 mgm, 

p er j _ -.ween the two animals is very evident. 

behaved like sulfanilamide, was relatively high in urine as compared with that 
in blood. It is probable that the free form of these substances is more easily 
reabsorbed through the kidney tubules than the conjugated form. 

In general, the nebulous toad has a trend of response similar to that of the 
spadefoot toad. As shown in table 2, the conjugated form in the blood was 
relatively low in each case. With sulfadiazine the conjugated form was not 
detectable at all in the blood, although it could be definitely determined m t is 
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urine The appearance of the conjugated form in urine and not m blood makes 
a difficult case for explanation It must be assumed that concentration takes 
place in the kidney , so that its level, originally imperceptible, becomes finally 
measurable Certainly it is less probable that conjugation occurs in the kidney 

TABLE 2 
The nebulous toad 


AVEEAGE* CONCENTRATION (UCU PEE 100 CC ) 


DECC 

ANIUAIS 

Mite 3l 

Form 



Tune After admin Jtrat 

on (hours) 





exam nt d 

determ ned 

1 

l 

11 

2 

i 

4 

5 

6 

r 

8 



Blood 

Free 

14 5 

15 4 

17 0 

13 1 

12 3 

12 3 

9 7 

8 

8 1 

7 0 



Conjugated 

0 0 

0 7 

1 6 

1 2 

1 3 

2 4 

1 9 

2 

1 6 

1 6 

Sulfanilamide 

24 

Urine 

Free 

16 4 

12 0 

t 

9 7 

16 7 

15 S 

12 3 

9 

10 5 

0 0 



Conjugated 

1 2 

0 6 

t 

2 4 

3 8 

6 6 

10 1 

16 

4 3 

10 6 



Blood 

Free 

12 8 

11 6 

9 7 

9 4 

8 2 

8 3 

5 4 

4 0 

4 4 

5 5 



Conjugated 

0 0 

0 5 

1 5 

0 8 

1 7 

1 4 

1 4 

1 3 

1 1 

0 0 

Sulfapyndine 

25 

Urine 

Free 

10 0 

12 8 

12 4 

14 6 

13 6 

9 2 

11 2 

13 0 

12 8 

8 8 



Conjugated 

2 0 

3 9 

6 5 

7 8 

7 4 

9 2 

9 9 

12 2 

10 8 

15 0 



Blood 

Free 

16 3 

16 0 

16 9 

14 8 

14 1 

14 9 

12 5 

10 5 

S 9 




Conjugated 

0 0 

0 5 

0 0 

0 2 

0 2 

0 2 

0 0 

0 0 

0 6 


Sulfatl mzole 

25 














brine 

Free 

t 

21 2 

21 4 

22 5 

35 8 

23 2 

28 3 

46 0 

18 4 




Conjugated 

t 

0 8 

1 2 

2 5 

11 2 

7 0 

11 0 

12 0 

7C 




Blood 

Free 

19 0 

21 8 

22 5 

18 2 

16 1 

13 2 

13 5 

10 2 

8 8 

9 4 



Conjugated 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

Suffndiazine 

23 














Urine 

Free 

14 4 

26 4 

30 7 

34 0 

36 9 

31 3 

32 9 

32 4 

3S 0 

23 4 



Conjugated 

0 0 

0 0 

0 0 

0 0 

3 1 

3 7 

3 8 

4 1 

7 2 

3 5 



Blood 

Tree 

IS 1 

17 5 

17 0 

14 8 

10 4 

8 8 

7 4 

4 3 

2 5 

t 



Conjugated 

0 0 

0 7 

0 6 

0 9 

2 3 

3 3 

3 1 

2 3 

3 8 

t 

p Aminobcn 

23 













zoic acid 


Urine 

Free 

17 5 

20 9 

21 4 

25 9 

21 7 

11 1 

3 4 

4 4 

8 4 

t 



Conjugated 

4 1 

4 0 

5 4 

16 9 

35 3 

22 9 

40 4 

48 6 

50 G 

t 


* Average of 2 to 4 animals 
t Not determined 


The exaction of the conjugated form of sulfanilamide sulfapyridinc, sulfa 
thiazole and p ammobenzcnc acid in urine mounted progress ely 
In confnmation of 'Marshall s work (3) the Lcopaid frog was found to have 
no conjugated foim in either blood or unne with the 4 sulfonamides or p nnnno 
benzoic acid Similaily the Jumbo bullfrog did not show any conjugated 
foim of sulfanilamide sulfapy richne or sulfatluazole On the other hand in 
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the tree frog conjugation was definitely observed in both blood and urine with 
sulfanilamide, sulfapyridine, sulfathiazole, and sulfadiazine. 

As' stated above, the blood of the turtle could be repeatedly examined for 
the concentration of the drugs injected. From the results presented in table 3, 
it can be stated that no conjugation takes place with sulfanilamide, sulfapyridine,' 
sulfadiazine, or p-aminobenzoic acid, but it was demonstrable, though slightly’ 
with sulfathiazole. Incidentally, the concentration of the free form in each 
case remained at a high level throughout the period of 6 to 7 hours. This 
might be due to dehydration since the urinary bladder was collapsed in G out 


TABLE 3 
The turtle 


DRUG 

NUMBER 

OF 

ANtliA LS 
USE© 

* AVERAGE CONCENTRATION (xiCM. PER 100 CC.) 

Material 

examined 

Form 

determined 

Time after administration (hours) 

i 

1 

H 

2 

3 

4 

5 

6 

7 

Sulfanilamide 

2 

Blood 

Free 

Conjugated 

3.3 

0.0 

3.1 

0.0 

3.4 

0.0 

3.5 

0.0 

4.9 

0.0 

7.4 

0.0 

7.4 
0 0 

8.2 

0.0 

9.2 

0.0 

Sulfapyridine 

3 

Blood 

Free 

Conjugated 

14.2 

0.0 

13.5 

0.0 

12.9 

0.0 

12.5 

0.0 

12.9 

0.0 

13.1 

0.0 

11.9 

0.0 

12.3 

0.0 

8.0 

0.0 




Free 

14.5 

24.7 

20.2 

26.5 

16.2 

15.2 

21.6 

13.5 

14.6 




Conjugated 

0.4 

0.6 

0.2 

0.0 

0.2 

0.1 

0.4 

0.1 

0.0 

Sulfathiazole 
















Free 

t 

t 

t 

0.0 

t 

t 

t 

0.0 

t 




Conjugated 

t 

t 

t 

0.0 

t 

t 

t 

0.0 

t 



Blood 

Free 

19.6 

16.7 

16.2 

15.8 

14.9 

15.2 

15.1 

18 0 

t 


2 

Conjugated 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

t 

Sulfadiazine 















Urine 

Free 

t 

t 

t 

0.0 

t 

t 

0.0 

f 

t 



Conjugated 

t 

t 

t 

0.0 

t 

t 

0.0 

t 

♦ 

p-Aminoben- 



Free 

29.0 

34.6 

35.5 

34.5 

30.6 

20.1 23. S 26.5 

t 

zoic acid 

2 

-Blood 

Conjugated 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

t 


f Not determined. 


of 8 animals. It might also be due to the progressive weakening of the heart 
beat following the first puncture. Another peculiar feature was that on -1 
occasions when the mine was examined, neither the free nor the conjugated 
form of the administered drug was detectable. It was possible, however, that 
no urine was actually excreted following the injection, owing to an inadequate 
filtration pressure as a result of the feeble heart beat. 


SUMMARY 

1. Sulfanilamide, sulfapyridine, sulfathiazole, sulfadiazine, or p-aminobcnzoic 
acid, in the form of the sodium salt, when injected into the ventral lymph sac 
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of the spadefoot toad ( Scaphiopus holbrooku holbrookii), or the nebulous toad 
( Bufo laUiceps), is partly conjugated as shown m blood and urine The degree 
of conjugation as obsened in blood is apparently not as great as in the rab 
bit In the nebulous toad’s blood, the conjugated form of sulfadiazine is 
unmeasurable 

2 Similarly conjugation takes place in the tree frog (Hyla cinerca cinerea ) 
with sulfanilamide, sulfapyndine, sulfatluazolc, and sulfadiazine 

3 Confirmatory of Marshall's work, sulfanilamide, sulfapyndine, and sulfa 
thiazole are found to be unconjugated in the Leopard frog (/?ana pipiens ) and 
the “Jumbo” bullfrog ( Rana calesbeiana ) Also, sulfadiazine and p aminobenzoic 
acid arc not conjugated in the former animal 

4 No conjugation takes place in the turtle ( Pseudemys degans ) with sulfaml 
amide, sulfapyndine, sulfadiazine, or p aminobenzoic acid There is, however, 
a slight conjugation with sulfathiazolc 
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Riddelline, CjsIRjOcN, is an alkaloid of Scnccio riddcllii and was first isolated 
by Manske (1). By alkaline hydrolysis, Adams, Hamlin, Jelinck, and Phil- 
lips (2) obtained retronecine and riddellic acid. Chemically, therefore, riddel- 
line resembles other Senecio alkaloids. With the exception of platypliyllino, 
the majority of the Scnccio alkaloids so far investigated produce well defined 
lesions of the liver in experimental animals (3, 4, 5, C, 7, 8). In order to ascer- 
tain whether or not riddelline possesses a similar action, the following series of 
experiments were carried out. 

Our material was courteously supplied by Dr. Richard H. F. Manske, Division 
of Chemistry, National Research Council, Ottawa, Canada, and Piofcssor 
Roger Adams, Department of Chemistry, University of Illinois, Urbana. Fresh 
solutions of riddelline, 1% being most suitable, were prepared by dissolving the 
weighed quantity in an equimolecular amount of hydrochloric acid. Albino 
mice were injected intravenously with various doses of riddelline, and the 
survivors observed for a week. A total of 119 animals was used. 

The results are summarized in table 1. Several mice receiving doses of 125— 
100 mgm. per kgm. developed clonic convulsions, but all recovered temporarily. 
They and others injected with smaller doses gradually became motionless with 
hair standing on end, lost their appetite for food, and died within 24-96 hours. 
Based on 1 week’s observation in 35 mice, the median lethal dose (LD50) of 
Dr. Manske’s specimen was found to be 108.8 ± 3.06 mgm. per kgm. as reported' 
previously (9); that of Professor Adams’ specimen, in 84 mice, 97.74 ± 5.60 
mgm. per kgm. Since the difference is not statistically significant, the data 
are combined and the LD 60 is recomputed to be 104.9 ± 4.15 mgm. per kgm. 
as shown in table 1 — a case of biological confirmation of the chemical identity 
of two products. 

Of 40 mice examined at necropsy following spontaneous death, 20 had ascites, 
14 had hydrothorax, and 5 had pulmonary edema. The thymus glands of 12 
of these animals were examined microscopically and necrosis of cortical lympho- 
cytes was found in 7. As was the case with the administration of other Scnccio 
alkaloids, the liver was uniformly affected. Necrosis took place, extensive or 
moderate in 33, and slight in 7. Thirty-seven livers showed central necrosis; 

2, predominantly midzonal; and 1, periportal. Figure 1 may be taken as a 
typical example of central liver necrosis. Frequently the cells adjacent, to the 
necrotic zone contained much fat. As was true with other Scnccio alkaloid 5 , 
there was usually no or only slight leukoc 3 r tie invasion of the necrotic, tissue. 

In association with necrosis, sinusoidal congestion with hemorrhage into the 
cords of necrotic cells frequently occurred— extensive or moderate in 34, am 
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TABLE 1 

Toxicxly of ruldelline 



I ig 1 Clntuvl Jvixrous of LivEn Produced by Riddellinl X174 
Mouse number D3 female weighing 15 8 gm received in intravenous dose of 110 mgm 
per Kgm of nddellinc It died 3 davs later There is c\ tensive central necrosis with 
extension m places to the margins of the portal spices Muij small dirM> stained misses 
of chromatin arc \ isible 1 hese are derived muni) from necrotic liver cells although some 
ra iv have come from the nuclei of leuhocj tes 
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slight in 5. In some instances hemorrhage was so severe that many liver cells 
seemed to have been washed away— a picture first noted by Davidson (4) in 
lats following administration of retrorsine. Occasionally the congestion and 
hemorrhage were more or less circumscribed, producing an appearance we have 
previously referred to as angiomatoid and have illustrated elsewhere (7, fig. 1). 

Of the 61 mice which were chloroformed 7 days after administration of the 
drug, the livers of 4 showed one or two grossly visible foci of necrosis. Tissues 
of 40 were examined microscopically, and all but 7 appeared normal. The liver 
of 1 mouse which received 80 mgm. per kgm. showed slight hydrops, a lesion 
probably not due to the alkaloid. The livers of 4 mice which received 90 mgm. 
per kgm. contained foci of necrosis involving one or more entire lobules. In 
the livers of these animals and of 2 others, some parenchymal cells were missing 
from the centers of some lobules and in their place were monocytes. 

In addition to the toxicological study, a few experiments were conducted to 
test the action of riddelline on smooth muscle organs. The alkaloid inhibited 
the isolated small intestine of the rabbit — moderately in a 1 :40,000 concentra- 
tion, and definitely in a 1:20,000 concentration. It stimulated the isolated 
guinea pig’s uterus in a 1 : 10,000 solution. In pithed or bnrbitaliml cats, doses 
of 20, 50, and 120 mgm., injected intravenously, lowered the arterial blood 
pressure with recovery. Only in one cat, anesthetized by ether, did a dose of 
20 mgm. cause a slight rise of blood pressure. 


SUMMARY 

1. The acute toxicity of riddelline has been determined in mice by intravenous 
injection. 

2. Like other Scnccio alkaloids so far studied, riddelline produces in mice 
central necrosis of the liver, ascites or hydrothorax, and pulmonary edema. 
There is also evidence of necrosis of cortical lymphocytes in the thymus. 

3. Riddelline inhibits the isolated rabbit’s small intestine and stimulates the 
isolated guinea pig’s uterus. It causes a fall of blood pressure when injected 
by vein in pithed or barhitalized cats. 


Acknowledgment. We are indebted to Messrs. Frank A. Steldt and Harold 
Worth for their invaluable assistance. 

REFERENCES 

(1) Manskb, Canad. J. Research, B17: 1,1939. 

(2) Adams, Hamlin, Jelinck and Phillips, J. Am. Chem. Soc., 64: 2760, 1042. 

(3) Cushny, This Journal, 2: 531, 1910-1011. 

(4) Davidson, J. Path. & Bact,, 40:285, 1935. 

(5) Chen, Chen, and Rose, This Journal, 54: 299, 1935. 

(6) Chen, Harris, and Rose, Ibid., 68: 130, 1940. 

(7) Harms, Anderson, and Chen, Ibid., 75: 69, 1942. 

(8) Harris, Anderson, and Chen, Ibid., 75: S3, 1942. 

t9) Harris, Anderson, and Chen, Am. J. Physiol., 133. P318, 194 . 



THE INACTIVATION OF CHOLINESTERASE BY MORPHINE, 
DILAUDID, CODEINE AND DESOMORPHINE 1 * * * 

C I WRIGHT and JEAN C SABINE 

From the Dtvision of Chemotherapy, National Institute of Health, Betkcsda, Maryland 
Received for publication April 19, 1943 

Bernheim and Bernheim (I) found that morphine inhibited the action of 
brain cholinesterase They used the ileum of the guinea pig as a test object 
for the piescnce of acetj lcholine Ivuhn and Searles (2), using the same method, 
reported similar results Slaughter and Lackey (3), usmg a titrametnc method, 
were unable to find any in vitro inhibition of the cholinesterase in dog serum 

In the meantime Slaughter and Gro^s (4) reported that esenne potentiated 
the m vno action of morphine on the intestine and blood pressure, and Slaughter 
and Munsell (5) reported that piostigmm potentiated the analgesic effect of 
morphine as measured by the pam response of the cat Since these effects 
could be explained bj an inhibition of cholinesterase, a detailed study of the 
action of morphine and some of its derivatives on the in vitro activity of cholmes 
terase was undertaken During the progicss of this work Eadie (6) published 
the results of a comprehensive study of the action of morphine on the cholines 
terase of dog serum 

Method The rate of hydrolysis of acetylcholine was measured by the method of 
Ammon (7) This method depends on the reaction of the liberated acetic acid with the 
bicarbonate of the solution, resulting in an evolution of CO» which was measured raano 
metrical!} in Barcroft differential manometers The acetylcholine iodide w as dissolved in 
Ringer bicarbonate solution (8) and 0 5 cc placed m a side arm of the reaction flask The 
serum or brain suspension and drug were placed in the main compartment of the flask and 
Ringer bicarbonate added to a totnl volume of 3 0 cc .including the contents of the side arm 
The manometers were then placed in a water bath at 37 5°C and flushed for 10 minutes 
with a mixture of 95% Ni and 5% COj previous to closing the Btopcocks After a period of 
5 minutes to assure equilibrium, the contents of the side arm were tipped into the main 
vessel and readings taken at 10 minute intervals 

Venous blood was collected from the rabbit dog or man, and after clotting was placed 
in the refrigerator to allow clot retraction The serum was decanted after 24 hours and 
stored in the icebox at 3 6 C Sections of two human brains* w-crc obtained at autopsy four 
hours post mortem and immediately frozen The rabbit brains were removed immediately 
after the death of the animals The brain cortex only was used The frozen slices were 
weighed, thoroughly ground with clean sand and Ringer bicarbonate added at intervals 
during the grinding until the suspension contained 10 mgm (rabbit) or 100 mgm (human) 
per cc The suspension was stirred w cl! before w ithdraw ing the sample Fresh suspensions 
were made for use each day 

A preliminary examination of each sample of serum or brain was made to determine the 
cholinesterase activity Quantities of the material w ere then chosen so that approximately 


1 A preliminary report of some of this work appeared m the J Pharmacol and Exp 

lherap 73 45 1941 

’ Obtained through the kind cooperation of Dr F Ebcrson, Gallingcr Hospital, 

\\ aslungton D C 
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SO ram.5 of CO, were liberated in 45 minutes in the presence of 2.5 mgm. of acetylcholine 

lenim' 0 ^ f" da ‘ a obtained !t was fou ° d that 0.025 cc. of human serum, 0.04 cc. of dog 
serum, 0.16 cc. of rabbit serum, 8.0 mgm. of rabbit brain, and SO mgm. of human brain were 
approximately equivalent in cholinesterase activity in the presence of 2.5 mgm. of substrate. 
These quantities were used in the experiments reported here. 

The morphine, codeine, dihydromorphinone (dilaudid), and dihydrodesoxymorphine-D 
(desomorphine) were kmdly furnished by Dr. L. F. Small of the National Institute of 
Health. The first three were in the form of hydrochloride salts and the last was a sulphate. 


dog serum 



Fig . 1 . Pee Cent Inactivation or the Cholinesterase or Dog Serum by the Alkaloids 

Indicated 

In figures 1 through 5 the abscissae represent the concentrations of the drugs as milli- 
grams in 3.0 cc. 


Results. The results obtained with varying concentrations of the inhibitor 
and a fixed enzyme and substrate concentration are shown in figures 1 to 5. The 
effect of morphine and three of its derivatives on the activity of dog serum 
cholinesterase is shown in figure 1. Each of the alkaloids inactivated a portion 
of the enzymic activity, and the inactivation increased with increasing con- 
centration of the alkaloids. Desomorphine was by far the most effective inhibi- 
tor, morphine and dilaudid about equally effective, and codeine the least. 

The results obtained with rabbit serum are shown in figure 2. The order of 
effectiveness was the same as that found using dog serum but the amount of 
cholinesterase inactivated at a given concentration of the alkaloids was some- 
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what less for morphine, dilaudid and codeine. A more striking difference in the 
relative inhibitory effect of the alkaloids was found when human serum was used 
(figure 3). The order of decreasing effectiveness changed to desomorphine, 
codeine, morphine and dilaudid. Codeine inactivated more of the enzyme than 
morphine or dilaudid. Furthermore, a distinct difference was found between 
morphine and dilaudid, the latter being the least effective inhibitor. 

When human brain was used as a source of enzyme (figure 4), the order of 
effectiveness was the same as that for dog or rabbit serum. In contrast to the 

RABBIT SERUM 



Fio 2. Per Cent Inactivation op the Cholinesterase op Rabbit Serum by the 
Alkaloids Indicated 

results observed with human serum, codeine was the least effective inhibitor. 
However, dilaudid was a definitely less effective inhibitor than morphine, as 
was also found when human serum was used. 

Figure 5 show's the results obtained when rabbit brain was used as a source 
of enzyme In this case desomorphine caused a complete inactivation at a 
concentration of 4 mgm. in 3.0 cc. In other respects the results arc not greatly 
diffeient from those found for human brain. 

The results obtained with varying concentrations of substrate and fixed con- 
centrations of enzyme and inhibitor are given in tables 1 and 2. In both tables 
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experimental points as shown in figure G, we made estimates of the maximum 
velocities and inflection points graphically, and using these estimates as parame- 
ters in equation (A ) determined the "best” values by the method of least squares, 

table i 


Initial Tates of hydrolysis by human serum (MB cc.) in the presence of constant amounts of 
inhibitors and varying substrate concentrations 


SUBSTRATE 
UOl AR 

CONTROL 

SERUM 

DILAUDID* 

MORPHINE* 

CODEINE* 

DrSOMOSPBJNE* 

j SPONTANEOUS 
hydrolysis! 

.0001 

0.92 






.00122 

1.31 

0.50 



0.12 


.00244 

1.74 

0.72 



0.12 


.004SS 

1.99 

1.05 



0.25 

o.os 

.00976 

2.21 

1.40 



0.49 

0.16 

.0195 

2.50 

1.68 

1.26 


0.74 

0.30 

.0390 

2.61 

1.94 

1.44 

1.23 

0.96 

0 40 

.0781 

2.57 

2.00 

1.67 

1.41 

1.19 

0.77 

.110 






1.0S 

.156 

2.59 

2.10 

1.72 

' 

1.44 

1.25 


* The amount of inhibitor used was 4.0 mgm. in 3.0 ec. reaction volume, 
t Experimental data. A curve was drawn through these points, and the values for 
ubstrate concentrations below .0048SM were extrapolated. 


TABLE 2 


nitial ralrs of hydrolysis by dog scrum (.04 cc.) in the presence of constant amounts of inhibitor 
and varying substrate concentrations 


SUBSTRATE MOLAR 

CONTROL SERUM 

MORTUINE 

.156 

2.01 

1.29 

.078 

1.9S 

1.30 

.0390 

1.9S 

1.17 

.0195 

2.02 

.99 

.00976 

1.99 

.82 

.00488 

1.90 

.55 

.00244 

1.76 

.46 

.00122 

1.63 


.00061 

1.20 


.00030 

.75 


.00015 

.60 



using a series of approximations. This operation was suggested by Dr. Harold 
Dorn of the National Institute of Health. 3 < 

It is obvious from the four lower curves that in the presence of the indicated 
inhibitors K, is definitely increased and V decreased. This indicates that both 
competitive and non-competitive inhibition (10) take place in the presence o 
these inhibitors. The value for V was 2.01; for V in the presence of dilaud.d, 


» See appendix. 
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2 15, of morphine, 1 77, of codeine, 1 01 , and of dcsomorphme, 1 5 1 The v due 
for K, was 0012, which is in close agreement with the value 0011 obtained b\ 
Ghek (9) Values for K\ in the presence of the drugs were respectiv elj , 0050, 
0069, 012, and 029 

K , can be considered as the dissociation constant of the cnz> me substrate 
complex, and its reciprocal the rclativ c affimtj of enzj me for substrate In the 



Tin f> Tin, Hate of Hydro; ysib dy Human Serum w ith Incrfasing Cave entrationr or 
Acetyu holinl (Log A) in the Absence and in Tin Presence m 4 0 Mgm of rut 
Indicated \lealoids in 3 0 cc 


presence of a competitive inhibitor, the dissoci ition const int of the tnz>me 
mhibitoi complex can be calculated fiom the following equation 

K'. = K.(l + 

wheie / is the mohi concentration of inhibitor, A', the appaient value for 7v. 
m the piesence of /, and A, the dissociation constant of the inhibitor enzvmc 
complex A, for ddaudid was found to be 0012 for morphine 000S1, for 


a 


(B) (Haldane, 1930) 
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codeine .00042, for desomorphine .00018. The relative affinities of the drugs 
for the enzyme were, consequently, 800, 1200, 2400, G000 respectively, as com- 
pared with the relative affinity of the enzyme for the substrate of S00. 

Since our results with human serum did not agree with those of Eadie (0), as 
regards the presence of non-competitive inhibition and also the value for K„ 
we made a series of determinations using 0.04 cc. of dog serum. The results 
obtained with and without morphine are given in table 2 and figure 7. The 
data were treated in every respect the same as described for human serum. 
K, was found to be .00026, V 2.0, A", and V were found to he .0003 and 1.34. 
K i for morphine and dog serum cholinesterase was calculated from (B) and found 



Fig. 7. The Rate or Hvnnot.vsis nr Dor. Setujm with Increasing Concenthations or 
ACETY ECHO VINE (l.OG ,S) IN THE ABSENCE AND IN THE PRESENCE OK 40 M«M. OK 

Mobbhine in 3.0 cc. 


to have a value of .00015. Thus the enzyme in dog serum appears to have 
approximately five times as groat an affinity for acetylcholine, and also for 
morphine, as does the enzyme in human serum. 

The affinity of the enzyme in dog serum is so great that the reaction proceeds 
very rapidly even in the presence of very low concentrations of acetylcholine. 
Thus, as is shown in figure 7, the maximal velocity is realized down to appioxi* 
inately .01 M substrate, and falls very slowly at concentrations below that range. 
Below .001M the yield of COj becomes so small that estimations of initial rates 
are not very reliable. For this reason the data on the rates at the two lowest 
concentrations (figure 7) were not used to determine the curve drawn through 
the points and the curve is essentially an extrapolation as indicated. 
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Discussion An interesting feature of the results shown m figures 1-5 is the 
differences found, both in the degree of cffectiv eness and the order of effective 
ness of the several diugs Foi example, in the two tissues from the human 
subject as shown in figures 3 and 4, there is a definite difference in the degree 
of inhibition by the alkaloids, leading to a shift in then order of activity llicrc 
is also a marked difference in the affinity of dog and human serum cholinesterase 
for acetylcholine This indicates that there is more than one type of cholines 
terase or that the same enzvme acts differently in different environments 
Alles and Hawes (II) descubod different piopcrties of the enzyme when taken 
from blood cells or plasma, and Glich (12) has also found differences These 
findings offei anothet possible explanation, besides solubility and permeability , 
foi the v ai lable sensitivity of physiological systems to the inhibitors of cholines 
tei ise They also emphasize the difficulty involved in diawing conclusions 
regarding cholinergic activity from expet imuits on the enzvme fiom a single 
soiu ce such as blood serum 

In a peisonal communication, Di Ladic ha* infoimcd us that lus published 
values (0) foi K, and K, are too high and that more recent experiments have 
\ lelded v alues of 004 and 0006 respectively These values are still much higher 
than we found foi dog semm but it is possible that there is i wide variation in the 
properties of cholinesterase m the scia of different dogs There seems to he 
little question that the inhibition by the alkdloids studied is in part non com 
petitive In fact, we were unable to d« rive curves to fit the data, even approxi 
tnalcly , if we assumed no change in V in the presence of the alkaloids 

summary 

Morphine codeine dilauchd and desomorphine inhibit the activity of cho 
hncsteiose fiom the following sources human dog or labbit serum, nnd human 
oi labbit brain lhc degree of inhibition varies with the source of the enzyme, 
which might account for the selective action of these drugs on physiological 
systems The inhibition is in pait competitive and in part non competitive, 
judging by the relative reaction velocity at different substiate concentrations 
'1 he afhnit v of the ilk ilouls for the enzy me in human serum is as great (dilaudid) 
oi gre it< i (codcuu , moi phmc uid di>omoi phinc) than the affinity of the enzy me 
foi acetylcholine 
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APPENDIX 


HAROLD I’. DORN' 

Division of Public Health Methods, National Institute of Health, Belhcsda, Maryland 
Since the curve, 


v - 


V(S) 

K. + (S) 


m 


is not linear in its parameters, V and K„ it cannot be fitted directly by least 
squares. Two alternative forms of this equation (1 and references) which are 
linear in V and K, may be written as 


v V + V 


( 2 ) 


1 » 1 4 - El ± 

v V V (S) 


(3) 


In (2), ~ and (S') are linearly related; in (3), - and ,~r arc linearly related. 
v v \o) 

Any one of these three equations may be used to estimate the values of K, and 

V but, in general, the results will not agree unless the observations are correctly 

weighted, although frequently the results may not. differ appreciably. It. should 

be remembered, however, that in fitting the curves (2) and (3) by least squares 

the observations are given a different weight than when equation (/) is fitted 

so that if exactly comparable results are to be obtained the original observations 

must be weighted if estimates of the parameters are determined from equations 

(2) and (3). 


Equation (I) can be fitted directly by least squares in the following manner: 

1. Obtain estimates of K, and V which will be designated its Jv, and F„. 
These may be taken from the results of other experiments or estimated from 
the data by means of equations (2) or (S). 

2. Write the true but unknown values of K, and l r as 


K. = oK, + AN. (4) 

V = V e + AF (5) 


where oK, and F„ are the estimated values of K, and F and A K, and AT are 
the respective differences between the true and estimated values. It is neces- 
sary to determine A K s and AF. 

S. The corrections, A K, and AF, may be determined from the following 
equations: 


£ (xtVs)) ^ W, + (S)) AF ^ cK. + (>‘ 


v„(v - v,) 

(S) 


m 


V.U K, + (.S')) 


^- + z(rj 




(7) 
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where v a = ^ » that is, v alues of v obtained by substituting the estimated 

o'l- « + (Aj 

v alues of K, and V in equation (i) In equations ( G ) and (7), t> is an observed 
value. 

4 The v alues of AK, and AV calculated fiom equations ( 6 ) and (7) are sub- 
stituted m equations (4) and ( 5 ) to obtain estimates of K, and V If AA”, and 
A V are small compared with „A\ and V„ no further computation is necessary 
However, if the coirections aie rilativelv large, a K, + A K, and 1\> + Al r „ ina> 
be used as the estimated values in step No 1 and the entne process repeated 
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The occurrence in the urine of reduced products following the administration 
of symmetrical trinitrotoluene has been known for some time (1, 2, 3, •]}, Pre- 
sumably such reduction should take place in the tissues, although previous 
workers (3, 5, 12) with the use of bacteria, muscle or spermatozoa were unable 
to demonstrate anything more than a doubtful reduction which they considered 
negative. This was attributed to the size of the molecule since’ the ampler 
compound nitrobenzene was easily reduced to the hydroxylamine. Work in 
this laboratory (G) showed that reduced material occurred generally in tissues of 
the living rabbit following administration of trinitrotoluene (T N T). Whether 
each tissue had some reducing action or whether one such as the muscle had this 
function with the blood or lymph distributing the substance throughout, the 
body was not known. 

It is therefore of some interest that under suitable conditions the reduction 
can be shown in vitro using various tissues. This paper records such findings. 
As noted below the partial reduction product £,£>-dinitro-p-toluidim» (2/1- 
(linitro-zj-amino-toluene) has been used ns a standard to follow the reduction 
process. The use of this compound is on a purely empirical basis. In most 
cases it seemed to behave much like the material formed with respect to time 
for color development and color quality. Only in the ease of the extract of the 
liver of the cat was a material nctu'ally isolated with melting point corresponding 
to that of the 2,6'-dinitro-4-amino compound. The yield was barely 5% of (lie 
total diazotizable chromogen. The problem as to what may be formed presents 
many difficulties even without considering oxidation of the methyl group to the 
carboxyl group, formation of amino phenols or conjugation with glucuronic acid, 
as has been suggested (1) for the material excreted in the urine. Some of the 
simpler possibilities are reviewed in figure 1. Compounds II and VI have been 
isolated from the urine of rabbits 5 (1 , 4) and a strong probability established in 
favor of a portion of the material so excreted being compound XIII. There was 
no evidence for the presence of the former in the experiments reported here and 
the relative stability and insolubility of the azoxy derivative would seem to 
exclude it. From the present state of knowledge of the course of such reactions 

t The test chiefly retied on for detection of reduction by the former workers (5, 12) wax 
the qualitative color reaction in alkaline solution given by many aromatic hydroxyl- 
amines. It is decidedly less sensitive than the diazotization procedure used in t lu- 
ll resent work and is negative with amines. 

* It should be noted that these compounds were isolated from the urwc of rjObiH. 

The hulk of the weight of evidence is against their existence as such in the urine un< 
seems to indicate that they may be formed by the extraction process 

3S6 
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as ordinarily carried out m the laboratory the b>droxylammo compound Mould 
be expected to be formed as an intermediate but should pass rapidly over to 
Compound V (or XIII) of the chart 



Methods and Materials The animals were used after food had been withdrawn 2f 
hours They were hilled by decapitation and the tissue quickly removed and ground to a 
smooth paste ruth the help of sand In the few instances where it w as not possible to use 
the tissue immediately it w as kept frozen until used, as this seemed to presen e the activity 
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for a week or more. Two cubic centimeters of a Ringer-phosphate solution (7) per gram 
of tissue were then added gradually and the grinding continued. For the smaller tissues 
it was necessaTy to add four cc. per gram in order to have sufficient extract with which to 
work. The solution was centrifuged at such a speed as to bring down the major portion of 

TABLE 1 

Reduction of symmetrical trinitrotoluene by incubation with tissue extracts in vitro at SI SC. 

and pH 7.4 for 1 hour 


In expressing results it has been assumed that 1 gram of tissue is the equivalent of 1 cc. 
in volume, hence that 1 cc. of the suspension represents 0.33 gram of tissue. The figures 
represent mgm. per 100 grams tissue where2,6-dinitro-p-toluidmc was used ns the standard. 


TISSUE 

AN nr At USED 

Rat 

Chicken 

Dog 

Cat 

Liver 

41 

48 

40 

46 

Kidney 

22 

36 

42 

29 

Heart 

26 



20 

Spleen 

10 

3 


12 

Muscle (gluteal) 

5 

2 


2 

Ovaries 

3 




Brain 

2 




Lung 

S 




Feces 

4 






Pm. 2. Reduction of S^.S-Trinitrotoluene by Rat Liver Preparation 


the cellular material and the supernatant extract used 

Unless otherwise specified, 2 cc. of the extract plus 3 cc of the buffer ?^^7“ 

used for an individual estimation. This made the solut.on approximate } hal saturat^ 

with respect to T N T in all cases, since regardless of the amount of extract tahe 

was made to 5 cc. or this volume relationship maintained. 
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\ saturated solution of 2 4 6 two ifcro toluene m p 81 S2°C , was prepared bj adding 1 
gram of the crystalline material to a liter of ivater and boiling gently for an hour under the 



hood After cooling to 37 5°C it was filtered This solution contained 23 mgra TNT 
per 100 grams of solution and remained almost colorless hen stored in the dark for a month 
The Ringer and phosphate buffer stock solutions had been made ten times the needed 
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concentrations, so that to prepare the buffered TNT solution referred to above for expert 
aentai use 10 ce. of the saline were pipetted into 80 of the TNT and 10 of the phosphate 
buffer added. ' ^ 

' Incubation of the tissue was carried out in Thunberg tubes alternately filled 3 times with 
oxygen-free nitrogen and evacuated. At the end of the experimental period the reaction 
was stopped and the protein removed by adding twice the volume of 20 percent trichlorace- 
tic acid and an equal volume of water. The contents were shaken immediately and filtered. 
Five cc. of the filtrate were pipetted into a 25 cc. Erienmeycr flask, 0.5 cc. 4 X HCl added 
and diazotization carried out by the method of Bratton and Marshall (8) using half the 
volumes recommended since one-half the filtrate volume was used. It was necessary to 
reduce the time of exposure to the nitrite and sulfamatc to 0.5 minute each duo to the 
instability of the diazo compound formed (Cf 9, 13). Control incubation with (a) the 
saline and buffer + T N T (6) extract + saline and buffer gave filtrates containing no 
dinzotizable material, thus showing that the extract was needed for the reduction. 

Color comparison was made with standards prepared from 2,6-dinitro-p-toluidinc (2, 10) 
using a stock solution of 5 mgm. in 100 cc. of 3% hydrochloric acid. This was stable for a 
month when kept in the dark. The maximum quantity used was 50 micrograms in 5 cc. 
and in diluting the stock for an individual standard 2.5 cc. of tbo 20% trichloracetic acid 
were added to each to give the amount as in the filtrates. Due apparently to the colloidal 
nature of the dye the solution does not follow the Beer-Lambcrt law at higher concentra- 
tions. This made it necessary to work at levels from 50 microgrnmB in 5 cc. downward. 
The color match with the material formed by the tissues from the TNT was only moder- 
ately satisfactory, especially when kidney or liver was the source of the reducing agent. 
The filtrates from these preparations had more of an orange tint compared to the clear 
purple-pink of the standard, possibly due to polymerization or quinonc formation (11). 
Color comparison was made in the ordinary Klctt colorimeter. 


Results. Table 1 contains some data on the reduction of T N T by various 
tissues of different animals. It was also found that freshly voided normal rat’s 
feces when incubated as above shared this property, thus adding a possible 
complication to studies in animal feeding experiments. 3 

That the reduction is progressive with time and is a function of the amount 
of extract used is shown in fig. 2. For simplicity and comparison with the 
graphs of the other figures curves B, C, D and E of this figure are plotted as 
though the standard amount of tissue were used. Actually B had half the 
quantity of A, C, one-fourth, D one-eighth and E one-sixteenth. That the 
action is almost abolished by heating to 80°C for 10 minutes is shown in fig. 3. 
Since the reduction should be favored by hydrogen it was suspected that oxygen 
would depress the reduction or inhibit it. Fig. 4 includes data on this point 
supporting this postulate. The activity seems optimum under the pH used, 
but the activity is continued over a considerable range iu phosphate buffers as 


CHj 


CHj 


NOi 


NO, JSE NO, 


NO, + 2H,0 


NH, 


1 Ordinary baker’s yeast used as a suspension in phosphate buffer likewise was 
effective. 
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shown with the kidney preparation of fig 5 At the upper pH there is bi owning 
of the solution due to the alkalinity during incubation but little reduction seemed 



Fig 5 Efiect of Various Hydrogen Ion Concentrations on the Reduction by the 
Rat Kidney Preparation 



Fig 6 Effect of R ashing on the Reducing Activity of a Rat Liver Preparation 
Curve A represents the untreated tissue 

to take place or if it d»d the compounds formed were removed by the tnchlor 
acetic acid precipitation of the protein 

Much of the activity was lost bj washing the partiallj ground tissue as 
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shown in fig, 0. This was not unexpected since the older literature (3) records 
the ineffectiveness of washed muscle in reducing dinitrobenzenc, whereas the 
untreated muscle in bicarbonate was effective. It was thought that the decrease 
recorded by curve B might be due to the diffusion out of some dialvzable hydro- 
gen dona ter, since a source of active hydrogen should theoretically be needed, 
as mentioned above. Succinate, added as the sodium salt to the washed tissue’ 
brought the activity back to about 80% of the original. The effect of succinate 
is further borne out by curves M, & M : of fig. 7. These show the reduction by 
muscle extract before (Mi) and after (M») adding succinate. That much of the 
reduction might be attributed to some portion of the metabolic system using 



Fig. 7. (a) Effect of added succinate on the reducing activity of a muscle preparation. 
Ms contains the added metabolite, (b) Effect of malonate in decreasing reducing activity 
of a kidney preparation is shown by curve K 2 compared to the untreated preparation of Iv 1 . 

succinate would appear from the experiment on the kidney included in fig. 7. 
Succinate added to the buffer mixture plus TNT without the protein containing 
extract gave no effect. Added to the extract heated as above likewise gave 
only a very slight effect. Malonate was found to inhibit the reduction markedly. 
This ion is generally considered to be a rather specific inhibitor of succinic de- 
hydrogenase. It was accordingly decided to turn to a partially purified enzyme 
in the hope that this simplification might help with the study of the factors 
involved. Such a study was undertaken and will be reported separately. 

SUMMARY 

1. It has been shown that extracts of animal tissues have the power of re- 
ducing symmetrical trinitrotoluene in vitro. At least a portion of the resulting 
product or products behaved as a diazotizable amino compound. 
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2. This reducing power was very largely destroyed by heating to SO°C for 
10 minutes It was augmented by anaerobic conditions and very largely 
inhibited by oxygenation 

3 The reducing effect was partially removed by washing and restored by 
added succinate and discharged again by mnlonate 
4. These facts were interpreted as indicative of the presence of an enzyme 
concerned m the reduction 
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The demonstration by Richter (1) of a sulfate ester of adrenaline in human 
urine after oral administration of the hormone indicates that such esterification 
may normally occur. It may be catalyzed by an enzyme system, sulfosynthase, 
present in liver, which also esterifies phenol. Recently, Torda (2) studied the 
hydrolysis of the sulfuric acid ester of phenol by an enzyme extracted from cat 
muscle. She found that 5% cocaine inhibited the hydrolysis and assumed that 
it would also inhibit the synthesis. If this were true then the potentiation of 
adrenaline effects by cocaine might be explained on the basis of this inhibition, 
provided that esterification of adrenaline by sulfuric acid is the principle mech- 
anism for its inactivation in the body. Torda’s results are not conclusive because 
she studied the hydrolytic instead of the synthetic process, and used a very 
inactive enzyme preparation and an extraordinarily high concentration of 
cocaine. Amolt and de Meio (3) have shown that phenol is esterified by rat 
liver slices in vitro and we therefore studied this esterification in detail and the 
effect of cocaine on it. It was necessary' to use phenol instead of adrenaline be- 
cause of the instability of the latter in solution. 

Enpeiumentai., Guinea pig liver Blices were UBed in most of the experiments. They 
were suspended in a Ringer solution containing 100 parts 0.9% NaCl, 4 parts 1.15% KC1, 

3 parts 1.12% CaClj, 1 part 2.11% KHFO., 1 part 3.82% MgS0.-7H,0 and 21 parts 1.3% 
NaHCOj. The solution was saturated with a 95% oxygen 5% carbon dioxide mixture and 
the experiments were carried out in this atmosphere with the slices suspended in 4.0 cc. 
of solution in 50 cc. Erlenmeycr flasks and shaken at 37°. At the end of the experiment 1.0 
cc. 20% trichloracetic acid was added, the slices removed and the solution centrifuged and 
then poured off from the precipitate. The volume was made up to 10 cc. with distilled 
water and 0.5 cc. saturated NaCl and the phenol remaining estimated according to the 
method of Theiss and Benedict ( 4 ). To another flask before adding the water 0.25 cc. 
concentrated HCI was added and the tube placed in a boiling water bath for 10 minutes to 
hydrolyze any esterified phenol. The HCI was then neutralized by an appropriate amount 
of NaOH and the phenol estimated. The difference between the values obtained with and 
without boiling represented the amount of esterification. The weights of the slices in each 
flask checked to within 10%. As the slices themselves without added phenol gave a light 
yellow color with the reagent it was necessary to compensate for this by shaking slices 
without phenol under identical conditions and adding appropriate amounts of phenol just 
before the trichloracetic acid. These were used ns standards and the experimental tubes 
were rend against the corresponding standard so that there was never more than a 15% 
difference in the color of the two solutions. This eliminated the error due to the light 
yellow color. This color was not affected by boiling the solution before the addition of the 
reagents or by the length of time the liver slices were shaken. 

Phenol disappears when added to liver, slices under the conditions outlined 
above. This disappearance might be caused by adsorption of the pheno onto 
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proteins, b\ oxidation, or b> conjugation As show n m table 1 between 80-90% 
-of the added phenol is recovered when it is shaken w ith broken cell suspensions 
under identical conditions Since such suspensions offer a much greater protein 
surface than slices, this experiment indicates that phenol is not adsorbed onto 
protein under these conditions If the phenol is shaken with slices anaerobically 
with nitrogen substituted for oxygen 80-90% can be reco\ ered This also indi- 
cates that no appreciable adsorption has occurred and that oxygen is necessary 
for the disappearance As shown in table 2, 17-38% of the phenol that disap 
pears is conjugated The rest is probably oxidized because phenol consistently 
increases the oxygen uptake of liver slices but to a verj small extent The 
possibility that it may disappear in other wajs has not been ruled out 
Since phenol may be changed by the cell m at least two different ways, oxida 
tion or conjugation, the effect of the weight of slices used in each \ ess el was stud- 

TABLE 1 


The effect of tartous conditions on the conjugation of phenol by guinea pip liter 
The vessels were shaken for 90 minutes at 37° 


WEICKT 

phenol 

ADDED 

PHENOL 

RECOVERED 

PHENOL 
RECOVERED ! 

ATTER 

HYDROLYSIS 

PHENOL l 
CONJUGATED ! 

PHENOL CONJUGATED 

PHENOL DISAPPEARED 

fxjm 

ptfin 


tHftH 

mi m 

% 

215 slices 

0 2 

0 035 




20-1 

0 2 


0 0S3 

0 048 

29 

214 slices 


0 173 




217 boiled 5 min 

K£f 


0 170 

0 000 

0 

210 slices 

0 2 

0 166 




215 anaerobic 

0 2 


0 166 ' 

0 000 

0 

220 broken cell 

0 2 

0 176 




220 suspension 

0 2 


0 177 

0 000 

0 


led The results are show n in table 2 As the w eight of slice is decreased the 
percentage conjugation is increased This maj be interpreted as meaning that 
the enzyme sj stem responsible for the oxidation is present in the cells in a low er 
concentration than the enzyme responsible for the conjugation and thus as the 
number of cells is decreased the oxidation becomes the limiting factor If the 
phenol concentration is too large relative to the amount of tissue present, the 
percentage disappearance and conjugation becomes less, indicating that the 
higher concentrations arc toxic The best results in general were obtained with 
about 160-180 mgm wet weight of slices and 0 2 mgm phenol in 4 Occ 
Figure 1 shows the curve of the disappearance and conjugation as related to 
time The disappearance proceeds in a wa> consistent with an enzymic reac 
tion The conjugation process rises to a maximum it about 90 minutes and 
then falls off This is a regular phenomenon and can be explained if it is assumed 
that hydrolysis of the conjugated phenol is proceeding at the same time as s>n- 
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thesis occurs. At the beginning of the experiment when the maximum amount 
of free phenol is present synthesis will proceed at a rate determined only by the 

TABLE 2 

The effect of (he weight of tissue slices on the percentage conjugation of phenol by guinea pig 

liver 

The vessels were shaken 90 minutes at 37°. 


WEIGHT 

PHENOL ADDED 

phenol 

RECOVERED 

PHENOL 

RECOVERED 

AFTER 

HVDROLSSIS 

PHENOL 

COSJUGKTEO 

PHENOL CONJUGATED 
phenol disappeared 

mgm. 


mgm. 

mgm. 

mgm. 

% 

84 

■ I 

0.077 




SO 



0.124 

0.047 

3S 

1ST 

0.2 

0.041 


• 


160 

0.2 


0.075 

0.031 

21 

221 

0.2 

0.024 




224 

0.2 


0.051 

0.030 

17 


•IG. 1. 
MGM, 
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ictivity of the enzyme. But in the course of time as the free phenol concent ra- 
tion decreases because of oxidation and conjugation the equilibrium « > 

shifted and some of the esterfied phenol may then be hydrolyzed and the phenol 
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thus set free either res} nthesized or oxidized As oxidation or some other process 
accounts for most of the disappearance of the phenol, no c\idcncc of synthesis 
Mould be expected if the experiment was allowed to proceed long enough 
Phenol can be estenfied either as a sulfate or gl} curonate 1 Slices w ere there 
fore suspended in Ringer solution containing all the normal ingredients except 
MgSOi MgCl* was substituted in an cqui\alent concentration The results 
are shown in table 3 In the absence of sulfate little or no s> ntliesis takes place 
This experiment indicates that the cell is able to u^e preformed sulfate and that 
a sufficient amount is a\ ailable despite the presence of calcium Increasing the 
sulfate concentration does not increase the percentage conjugation C> stme 


TABLE 3 

The ejfed of sulfate on the conjugation of phenol btj guinea pig liter slices 
The experiment 13 gi\en m triplicate The vessels were shaken for 00 minutes at 37° 
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0 2 
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and methionine added in the absence of sulfate did not cause s\ nthesis indicating 
that the} do not act as a souicc of sulfate under these conditions 

The effect of cocaine on the conjugation was then tried It was, of course, 
impossible because of the osmotic effects, to use 5% ^olutioas A concentration 
of 1 0 mgm per cc was found possible which is equi\ alent to A 1/300 cocaine IIC1 
The results are shown in table 4 Cocaine definiteh inhibits the disappearance 
of phenol but has no effect on the percentage conjugated Since the oxidation 
is inhibited it cannot be argued that the failure of cocaine to inhibit esterification 
is due to its inabiht} to penetrate into the cells 

1 Lipschitz and Buedxng (5) showed that phenol was conjugated to some extent with 
glycuromc acid by li\ er slices in the absence of sulfate This conjugation w as small com 
pared to that of borneol 
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In the guinea pig the intestine and the kidney fail to cause any appreciable 
disappearance or conjugation of phenol. However, in the rat , Arno!t and de 

, , Un f that * he “testiM conjugated plienol better than liver, and that the 
kidney had a small effect. They were unable to show that any conjugation took 
place m muscle. 

Discussion. Since these experiments were done with phenol instead of 
adrenaline the results apply to adrenaline only by inference. However, it is 
reasonable to assume that the esterification of both compounds with sulfuric acid 
is brought about by the same enzyme. The synthetic activity of this enzyme 
has been demonstrated in the intestine and liver but in no other organ. The 
hydrolytic activity of the enzyme, or rather the hydrolysis of phenol sulfate, has 
been demonstrated in a number of organs including muscle. But this hydrolysis 


TABLE 4 

The effect of M/SOO cocaine HCl on the disappearance and conjugation of phenol by guinea 

pig liver slices 

The vessels w ere shaken 90 minutes at 37°. The experiment ig veil in duplicate. 
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22 

166 
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0.100 

0.124 

0.024 

24 
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169 

154 

0.2 

0.2 

0.100 

0.119 

0.019 

19 


is extraordinarily slow, 2-5% of the added substrate being hydrolyzed in 3-5 
days at 37°. The present evidence, concerning the distribution and activity of 
the enzyme therefore does not warrant the conclusion that it is responsible for 
what must be the rapid inactivation of adrenaline in the body. Our results 
with cocaine, which were obtained under as nearly as possible physiological 
conditions, do not explain the potentiation by this drug of adrenaline effects if 
the esterification of adrenaline by sulfuric acid is the principle method of its 
inactivation. In fact it is more reasonable to assume that ingested adrenaline 
arriving at the liver via the portal circulation is conjugated as phenol is and that 
this conjugation is a special case and does not account for the normal inactivation 
of the hormone in the body. Since this paper was written, Torda (G) has studied 
the effect of cocaine on the excretion of phenol in the cat. Cocaine has no effect 
on the elimination or conjugation of phenol produced endogenously. Injection 
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of phenol into the normal animal causes 41% more free phenol to be excreted in 
the urine in the first 48 hours In the presence of cocaine only 6% more free 
phenol is excreted The fact that injected phenol does not appear in the urine 
in significant amounts in cocainized cats raises the question of its fate but does 
not prove that it has not been conjugated, particularly as cocaine does not affect 
the conjugation of endogenous phenol. 

SUMMARY 

1. Phenol disappears when added to guinea pig liver slices m Ringer bicar- 
bonate solution shaken at 37° in 95% oxygen 5% carbon dioxide. 20-30% of 
the amount that disappears is conjugated. 

2. Thermolabile enzyme systems are responsible for the disappearance and 
conjugation. Neither process occurs anaerobically. The effects of the amount 
of tissue and substrate concentration are described. 

3. In the absence of added sulfate no conjugation occurs Cystine or me- 
thionine cannot act as sources of sulfate under the experimental conditions 

4 M/30Q cocaine HCi inhibits the disappearance oi phenoi but has no effect 
on the percentage conjugated. 
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Evidence that anesthesia causes a shift in the ratio of plasma volume to in- 
terstitial fluid volume can be found in a number of studies (1, 2, 5, 6, 7 , 8 , 9 , 11 , 
14 , 16). Moreover, the direction the change appears to take depends upon the 
nature of the anesthetic agent employed. This suggested to us that an effect 
of anesthesia on lymph flow might be demonstrated, and on examining this 
possibility we have observed striking alterations in the rate of lymph flow, de- 
pending upon whether local, ether or barbiturate anesthesia is employed. In 
addition to reasons of pharmacological interest there are practical reasons 
why such a demonstration is helpful. For example, it appears to provide a use- 
ful step in the explanation of why barbiturates delay the onset of shock in com- 
parison with ether, under the circumstances of the experiments of Seeley, Essex 
and Mann (15), and why a barbiturate significantly curtails the weeping from 
burned surfaces, as shown by Beecher and McCnrrell (3). 


Methods. Animals. This study is based upon observations made in 20 mongrel dogs 
When local anesthesia was used, mongrel hounds were more easily adaptable and more 
acquiescent than some other breeds to the rhythmic motion of the head necessary for the 
collection of lymph. The dogs were allowed water but were fasted for 18 hours before the 
experiment. Immediately preceding the experiment eacli animal was given physiological 
saline intravenously to the extent of 20 ce. per l;gm. over a period of an hour. 

Anesthesia. When the lymph was collected under local anesthesia, the region of the 
cervical lymphatics was infiltrated with 2.0 cc. of 1 .0% procaine hydrochloride. A femoral 
artery was cannulated under local procaine anesthesia for intermittent determination of 
mean arterial pressure. 

In the cases where the lymph was first collected under local anesthesia (tables 1 and 2), 
the subsequent induction of ether was carried out by open cone. With the onset of general 
anesthesia, an intratracheal tube was introduced through the mouth and this was connected 
with an ether bottle. The data of tables 1 and 2 were obtained with the animals breathing 
room air. 

When the ether was induced at the beginning of the experiment (table 3), this was accom- 
plished in an ether box. Following induction, ether was administered through an intra- 
tracheal tube, in a closed system, with to-and-fro breathing through a soda lime camiistcr. 
About 95% oxygen was administered when a closed respiratory system was used in the case 
of both the barbiturate and the ether (tables 3 and I). 

Pentobarbital sodium (4% solution; 20-40 mgm/kg total dose) was injected intravenously 
as needed to maintain a steady level of anesthesia. About the same oxygen concentration 
in the inspired air and the same volume of dead space was maintained (intratracheal tube) 
when the barbiturate was used as in the case of the ether. The dead space was kept at a 
minimum. Both of the general anesthetic agents were administered in sufficient dose to 
maintain a moderately light level of surgical anesthesia, where the cornea! reflex was present 

but distinctly depressed. , , 

Lymph colieeiiort. The lymph was collected from the cervical lymphatics by the method 
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of McCarrell (12) By means of a motor the head is made to nod through a fixed arc at the 
rate of about 16 times per minute Leads from the motor were attached to a leather muzzle 
in the case of the collection under local anesthesia When general anesthesia was employed 
throughout the experiments the motor leads were attached to holes dnlledin the eye teeth 
Fairly exact reproducibility of motion of the head of a given dog from one period to another 
is essential for quantitative comparisons of lymph flow from one collectingpenod to another 

Cannulae w ere introduced into each main cervical 1} mphatic except as mentioned below 
In case double lymphatics were present on a side one was tied off A few grains of dry 
heparin were introduced into each cannula and the lvmph collected at 5 to 15 minute inter 
vals placed in stoppered tubes and the weight determined The flow was expressed m 
milligrams per minute averages were based upon approximately 45 minute collections 

In a survey of the experiments in which due to technical mishap lymph was collected 
from only one cervical lymphatic (the non cannulated lymphatic being tied off) the average 
flow w as found to be 62% (8 dogs) of that obtained when both cervicals (18 dogs) were can 
nulated With this evidence it seemed reasonable to add one third to the observed lymph 
values collected from a single xessel in order to compare these data with tho«e obtained 
when both cervicals w ere cannulated successfully care was taken to have the same number 
of such experiments m both control and test groups under comparison There were only a 
few such experiments they are clearly marked in the tables 

Ether induction by cone was always followed by a greatly increased lymph Hot due in 
part to the activity of the animal during induction In determining the average flow during 
ether anesthesia collections made during the first 30 minutes following the induction of the 
anesthetic were discarded In order to make fair comparisons with the flow under the 
barbiturate a similar delay was made in the barbiturate experiments 

Ly mph w as collected in four series of animals (a) local anesthesia follow ed by barbttu 
rate and then ether anesthesia (table 1) (b) local anesthesia followed by ether and then 
barbiturate anesthes a (table 2) (c) ether alone and barbiturate anesthesia alone (table 3) 
and finally (d) barb turate followed by ether anesthesia (table 4) The data of tables 3 
and 4 are now supplementary although they w ere obtained first before w c had learned that 
it was possible to make satisfactory observations under local anesthes a 

The mean arterial blood pressure was measured in the femoral artery at about half hourly 
intervals Consecutive experiments are represented here except in the infrequent case 
where the mean arterial blood pressure failed to remain normal and relatively constant 
or where under local anesthesia the animals failed to 1 e in a quiet acquiescent state The 
protein content of the ly mph and the plasma (arterial blood) w ere determined refractomet 
ricall} The hematocrit w ns also determined in arterial blood Rate and depth of respira 
tion were carefully observed 

Results The results are presented in tables 1 through 4 1 Data in tables 1 
and 2 show that the reduction m lymph flow during pentobarbital anesthesia is 
accompanied by decreased hematocrit and plasma protein \ alues The increased 
lvmph flow during ethei anesthesia is accompanied by inci eased hematocrit and 
plasma protein v alues Since these changes are so preponderate^ in the same 
direction and are consistently leversiblc by a change in anesthetic they must be 
regarded as significant While the hematoent changes might be construed to 
mean various things the changes in plasma protein concentrations suggest that 
under the barbiturates fluid motes from the tissues into the blood stream mth the 

i The data of tables 1 and 2 were obtained m 1943 those of tables 3 and 4 were obtained 
two years previously Altl ough the relationships are in tl e same direction as referred to 
below it is evident that lymph protein concentrations varj rather w idely w ith d fferent lots 
of dogs and probably w ith season as well 
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reverse process occurring under ether. These trends are in agreement w ith plasma 
\olume changes during anesthesia. See especially references (5) (8) and (16). 
These hematoent and protein concentration changes have often been referred to 
previously. (See the papers mentioned in the introduction ) It is significant 
that these changes occurred irrespective of the order in which the anesthetics 
were administered 


TABLE 3 

Barbiturate anesthesia alone and ether alone 


PENTODAUITAL SODIUM 

| ETHEE 

No 

lympli 
| flow 
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lymph 
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arterial 
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No 
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flow 
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press 


wi tm /min 

% 

mm n t 


mjm /m in 

% 

mm B t 

12 

39 0 

3 49 

133 

17 

163 4 

1 69 

92 

13 

37 5 

3 74 

111 

18 

71 5 

3 18 

89 

14 

47 5* 

2 60 

147 

19 

92 1 

4 19 

118 

15 

58 4* 

3 03 

120 

20 

114 1* 

2 29 

85 

16 

72 1 1 

2 88 

113 

21 

69 2* 

2 88 

110 

Average 

50 9 

3 15 

125 . 


102 1 

2 85 

99 


*FIow from single lymphatic, 1 added, see text 


TABLE 4 

Barbiturate anesthesia folloued by ether 



average tv urn now 
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MEAN AITEttAL PaESSUEE 

Pentobarbital 

sodium 
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Pentobarbital 

sodium 

Ether 
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Sodium 
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% 
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TWA Kt 
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22 

28 7* 
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3 53 

3 60 

125 

160 

23 

35 9* 

54 0* 

2 11 

2 14 

90 | 

74 

24 

42 7 

90 3 

4 51 

3 67 

120 

104 

25 

23 2* 

45 9* 

4 73 

4 45 



26 

64 1 

114 4 

3 26 

2 41 

124 

135 

Average 

38 2 

69 9 

3 63 

3 25 

115 

11S 


* How from single lymphatic, 1 added, see text 


The percentage of total protein was so consistently higher in the lymph col- 
lected during barbiturate anesthesia and so consistently lower during ether 
anesthesia and the protein concentration was so consistently reversed by chang- 
ing the anesthetic agent that the difference must be considered significant, 
although probably not great enough to be of importance unless subsequent 
study should show that the protein composition is altered, as for example if one 
protein fiaction w ere missing in the ether h mph. As one might have anticipated 
the protein concentrations in the Ij mph and the plasma bear an inverse relation- 
ship to each other. 
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The data presented demonstrate that the volume of lymph flow in unit time 
can be greatly influenced by anesthetic agents: a barbiturate reduces the flow 
to about one-half the flow under local anesthesia and ether increases it about 
one-half above the flow under local anesthesia. Before some implications of 
these data are discussed two questions must be considered, (a) Since the lymph 
is collected in the cervical region, can variations in respiration under the two 
general anesthetic agents account for tiic observed differences in flow? (b) Can 
differences in muscle tension of the neck muscles account for the results obtained? 

(a) Careful observations were made of the rate and depth of respiration. In 
4 (no. 1, 2 , 4 and 5) of the 11 experiments of tables 1 and 2 the respiratory activity 
did not show great differences under the three anesthetic agents, while typical 
changes in lymph flow, depending upon the anesthetic agent, occurred. 1 A 
further cheek on a possible respiratory effect was made by separating tiie local 
anesthesia data of tables 1 and 2 into two groups according to the respiratory 
rate. In group 1 the average rate was 18.6 per minute (C experiments: variation, 
12-24) with an average flow of 121.7 ± 1S.1 mgm. per minute. In group 2 with 
an average respiratory rate of 39 (5 experiments: variation, 30-52) the flow was 
105.4 rfc 9.0 mgm. per minute. The difference in flow under the two circum- 
stances is not significant, although the difference in respiratory rate was great. 
It was observed, however, that both panting and the forced respiration of ex- 
citement were associated with increased lymph flow. These conditions were 
avoided in these experiments. 

(b) If data comparing local with barbiturate anesthesia only had been ob- 
tained, it might be argued that changes in muscle tone and tension as a result 
of the induction of genera! anesthesia possibly might account for the observed 
reduction in flow. This cannot he the case since general anesthesia produced by 
different agents followed the local anesthesia and with opposite effects. Typical 
effects were observed irrespective of the order one agent followed another. 

The observed anesthetic effects on lymph flow cannot be accounted for by 
respiratory changes or by differences in muscle relaxation. 

Discussion. 1 . In the literature describing studies of the lymphatic appara- 
tus frequent reference has been made to “dry" animals, that is, animals which 
yielded little or no lymph on cannulation of their vessels. In as much as the 
majority of these investigations were carried out under barbiturate anesthesia, 
it appears probable, as a result of the present findings, that the barbiturate anes- 
thesia rather than a pecularity of the animal in question was a considerable factor 
in this situation. Further, it can be suggested that under some circumstances 
where a profuse flow of lymph is desired, ether anesthesia will promote it. 

2. In 1936, Seeley, Essex and Mann (15) reported that surgical shock produced 
by standardized intestinal trauma occurred much sooner when ether anc-'theria 
was employed than when a barbiturate wa= u=ed. They called attention to the 

= Experiments were carried out in euramed animals where artificial respiration was con- 
ducted at widely varying rates without change in lymph flow. It has not seemc< wort 
while to include the details of these experiments here since the intermittent positive pre^un 
type of respiration is so unlike the normal process. 
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fact that weeping of the tiaumatized intestinal surface, as well as the flow' of 
saliva, v as much greater under the former than under the latter agent. Beechci , 
McCariell and Evans (4) lepeated the experiment. They contained the observa- 
tion of Seeley, Essex and Mann and also observed the same conspicuously greater 
fluid loss from the traumatized intestinal surface when ether was used than when 
harbituiate anesthesia ««« employed The more lapid onset of shock under 
ether as compared with a harbituiate was possibly due, as Seeley, Essex and 
Mann suggested, to the great ci fluid loss in the one case as compared with the 
other The findings in the present experiments stiongly support this \icw. If 
this is the correct explanation, the shock times measured under circumstances 
of local anesthesia compared with barbiturate would be less striking than when 
the companion is made between ether and a barbiturate, for as already pointed 
out, the barbiturate diminishes the lvmpli flow and fluid loss from this important 
source, w hei cas ether greath mcieascs it The contrast betw ccn the barbiturate 
and the ethei fluid loss is far greater than w ould be the contrast betw een the fluid 
loss under harbituiate and local or no anesthesia, if the above view' is correct. 

5. The present observations of the effect of a barbiturate in reducing l.\ rnpli 
flow prowdc a likely explanation foi the significant reduction in weeping of a 
burned surface effected by a barbiturate, reported by Beecher and McCarrell (3). 

4. While the present demonstration provides a probable ba«is for one step in 
the explanation of how barbiturates reduce the fluid loss from traumatized 
surfaces, the fact that lymph flow is less under a barbiturate than under local 
anesthesia remains unexplained The most probable explanation for this appears 
to be that barbiturates reduce the extent of the blood capillary filtering surface. 
Some evidence supporting this view lias been obtained, but it has not yet been 
satisfactorily demonstrated. 


CONCLUSIONS 

1 When lymph is collected under standardized conditions, is observed that 
in comparison with the volume flow under local anesthesia that (a) a barbiturate, 
pentobarbital sodium, reduces this flow about 50% and (b) that ether anesthesia 
incieases the flow about 50% above that found under local anesthesia 

2 The increased lymph flow under ether is associated with increased hemato- 
crit and plasma protein values, the decreased lymph flow under the barbiturate 
is associated with decreased hematocrit and plasma protein values. These 
plasma piotein changes support the view' that under a baibiturate there is a shift 
of fluid from the tissues to the blood stream, with the reverse process occurring 
undci ethei The concentration of protein in lymph collected under a barbitu- 
rate is appreciably higher than it is under ether. 

3 It is piobable that the often referred to “dry” animals encountered in lymph 
studies arc fiequcntly to be explained by the fact that most of these studies have 
been conducted under barbiturate anesthesia. Ether can be utilized to produce 
a profuse 1\ mph flow w hen this may be desirable. 

4 The observations reported here of the effect of a barbiturate and of ether 
anesthesia on lymph flow appear to provide a useful step m the explanation of 
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why surgical shock appears sooner under ether than under a barbiturate in the 
intestinal trauma experiments of Seeley, Essex and Mann. 

5. This study provides a likely* explanation for the significant reduction in 
weeping by a burned surface effected by a barbiturate, ns previously report e<l 
by Beecher and McCarrell, 
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